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(54) Titie: RESPIRATING GAS SUPPLY METHOD AND APPARATUS THEREFOR 



(57) Abstract 

Respirating gas supply methods and apparatus de- 
signed to prevent overoxygenation and apnea event 
causei by, occlusion or obstruction in the upper airway 
passages including a control circuit (32) responsive to a 
sensor "(28) and operating a valve means (26) to supply 
pulses of respirating gas through a single hose cannula 
(48) to an in vivo respiratory system when negative pres- 
sure indicative of inspiration is sensed by the sensor (28). 
The control circuit (32) operates the valve (26) to com- 
municate the in vivo respiratory system with a supply of 
gas (20) only if the negative pressure sensed by the sensor 
(28) does not occur within a predetermined yet selective- 
ly variable required minimum delay interval between 
successive pulsed applications of gas to the in vivo re- 
spiratory system. The pulse of gas applied to the in vivo 
respiratory system can be spiked pulses or square pulses. 
Humidifiers (62), nebulizers (70), and sources of a sec- 
ond gas (120, 268)- are provided in accordance with var- 
ious embodiments. Upon the detection of an appropriate 
apnea event, respirating gas supply apparatus according 
_to various embodiments supply stimulus to the upper air- / 
- way* passages of an in vivo respiratory system in an effort ^ • 
to dislodge any occlusion or obstruction in the upper air- 
way passages. In one embodiment the stimulus applied is j 
a high pressure pulse of gas via line (144, 250). In an- . 
other embodiment an electrical signal is applied to an 
electromyographic electrode (270) positioned in proximi- 
ty to a nerve controlling a muscle or organ which may 
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BESPIRATIN6 GAS SUPPLY METHOD 
AND APPARATUS THEREFOR 
BACKGROUND 

This invention pertains to apparatus and 



5 methods for providing supplemental respirating gas, 
such as oxygen, to an in vivo respiratory system, and 
to methods of operating respirating gas supply 
apparatus so that apnea events caused by the occlusion 
of upper airway passages in the in vivo respiratory 
10 system are remedied. 



210,654, filed 26 November 1980 by Gerald P. Durkan and 
commonly assigned herewith, is incorporated herein by 
reference as illustrating a method of supplying 

15 respirating gas wherein a dose or pulse of gas is 

supplied to an in vivo respiratory system substantially 
at the beginning of inspiration. United States patent 
application Serial No. 210,654 also discloses a 
primarily fluidically-operated apparatus comprising a 

20 demand gas circuit. The fluidic apparatus comprising 
the demand gas circuit carries out the method described 
above and, by virtue of the method, is significantly 
smaller and more compact than other demand gas-type 
apparatus which supply respirating gas essentially 



United States patent application Serial No. 
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throughout the duration of inspiration. While this 
fluidic apparatus has proven extremely effective in 
such products as home oxygen concentrators and oxygen 
d illusion or delivery systems, for example r a further 
5 reduction in overall apparatus size would further 
enhance the utility of such products • 

Many devices r including those depicted in 
United States patent application Serial No. 210,654, 
are adapted to monitor or sense pressure direction in 

10 an in vivo respiratory system throughout the 

respiratory cycle and to selectively supply gas in 
accordance with the pressure direction in the in vivo 
respiratory system. In this respect, the in vivo 
respiratory system creates a negative pressure upon 

15 inspiration and create positive pressure upon 

exhalation. In certain instances it is advantageous to 
supply pulses of gas such as these described in the 
application Serial No. 210,654 but in such a manner 
that a pulse is not necessarily supplied for every 

20 detection of negative pressure in the in vivo 

respiratory system. For example, should the in vivo 
respiratory system attempt to inspire too frequently, 
an apparatus operating strictly in the manner described 
in United States patent application Serial No. 210,654 

25 would in some instances cause the in vivo respiratory 
system to overoxygenate. While breathing rate control 
circuits and override circuits have been disclosed in 
the prior art (such as U.S. patents 4,206,754 to Cox 
and 4,141,754 to Ismach, for example) these circuits 

30 are incompatable with the device described in the 
referenced application. 

United States patent application Serial No. 
210,654 also illustrates the usage of a "split" or 
"double hose" cannula which interfaces the in vivo 

35 respiration system through the nares with the sensing 



and gas supply elements of the apparatus disclosed 
therein. Although the apparatus perforins superbly 
using the double hose cannula, employment of a single 
hose cannula rather than a double hose cannula would 
5 enable both the sensing of the pressure direction in 
the in vivo respiratory system and the delivery of 
respirating gas to the in vivo respiratory system to be 
accomplished through the same hose. Single hose 
cannulae, being less expensive to manufacture and more 

10 convenient for the physician and user, are generally 
more prevalent on the market than double hose 
cannula. Thus, it would be advantageous to adapt 
systems such as that disclosed in the referenced 
application for compatibility with a single hose 

15 cannula. 

Moreover, it is generally preferable to 
humidify respirating gas before supplying the gas to an 
in vivo respiration system. In some circumstances it 
is desirable to. nebulize the respirating gas with 

20 medication before supplying the gas to the in vivo 
respiration system. Although humidifiers and 
nebulizers have long been used with oxygen supply 
systems, it is not evident from the prior art how a 
humidifier or nebulizer can be appropriately utilized 

25 with apparatus such as those described in United States 
patent application Serial No. 210,654, especially if 
apparatus of that type are used with a single hose 
cannula as discussed above. A great danger in 
utilizing humidifiers and/or nebulizers with either 

30 single or double hose cannula systems is the transfer 
of moisture through the hose leading to sensing means 
used to determine the direction of pressure in the in 
vivo system.. Moisture in the hose leading to the 
sensing means contaminates the sensor and tends to 

35 considerably shorten the life of the sensor. 



In some situations it may also be desirable 
to supply another gas, such as an anesthetic gas^ to in 
vivo respiratory system along with the supply of 
respirating gas^ In such situations ^ the dosage of 

5 second gas must usually be in controlled relation to 
the amount of respirating gas supplied simultaneously 
therewith* Moreover , a serious problem results in a 
demand gas-type device when medicating gas is 
continually applied regardless of the ability or 

10 inability of the in vivo system to demand the 
respirating gas. 

United States patent 4^414,982^ filed 26 
November 1980 by Gerald P. Durkan and commonly assigned 
herewith, is incorporated herein by reference as 

15 disclosing a respirator apparatus including a 

predominately fluidically operated apnea event circuit 
which signals the occurrence of an apnea event after 
the lapse of a predetermined time interval since the 
last inspiration attempted by an in vivo respiratory 

20 system. One cause of apnea events such as those 
detected by the apparatus of United States patent 
4,414^982 is the occlusion of upper airways, such as 
the oropharyngeal airway, in the in vivo respiratory 
system. 

25 In the above respect, it has been suggested 

by Remmers et al. ("Pathogenesis of Upper Airway 
Occlusion During Sleep", Journal of Applied Physiology 
1978; 44:931-38) that in some in vivo respiratory 
systems the subatmospheric or negative pressure 

30 occasined during inspiration sucks the tongue and soft 
palate against the posterior oropharyngeal wall. Other 
causes and conditions associated with upper airway 
obstruction/occlusion are summarized by Sullivan et al. 
("Reversal of Obstructive Sleep Apnoea By Continuous 
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Positive Airway Pressure Applied Through The Nares", 
The Lancet , April 18, 1981, pp. 862-865) which is 
incorporated herein by reference for a discussion of 
the obstruction/occlusion phenomena. Sullivan et al. 
5 report treatments for obstructive sleep apnoea syndrome 
wherein. low levels of pressure (in the range of 4.5 to 
10 cm water) were continuously applied to provide a 
pneumatic splint for the nasopharyngeal* airway. 

United States patent 4,155,356 to Venegas 

10 discloses a respiration assisting method and apparatus 
comprising means for generating a series of pressure 
pulses and means for transmitting the pressure pulses 
to air passageways in the lungs. The transmission 
means comprises a tube placed in the trachea so that 

15 pressure waves created by the pressure pulses outward 
displace walls of collapsed air passageways in the 
lungs and maintain such outward displacement during 
expiration. Venegas provides no means for the sensing 
of conditions in the lungs nor does he coordinate the 

20 application of pressure pulses in time relation with 
the occurrence of such conditions. 

In view of the foregoing, it is an object of 
this invention to provide a respirating gas supply 
apparatus which, upon the detection of an appropriate 

25 apnea event caused by the occlusion or obstruction of 
upper airway passages in an in vivo respiratory system, 
attempts to remedy the occlusion or obstruction in the 
upper airway passages. 

It is an object of the present invention to 

30 provide a demand respirating gas supply method and 

apparatus which prevents overoxygenation by supplying a 
fixed volume dose of respirating gas .per unit time to 
an in vivo respiratory system. 
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An advantage of the invention is the 
provision of a demand respirating gas supply method and 
apparatus which employs a single hose cannula, thereby 
allowing pressure sensing and gas supply to be 

5 accomplished through the same line. 

A further advantage of one embodiment of the 
invention is the provision of a method and apparatus 
for supplying spiked shaped pulses of gas at the 
beginning of an inspiration. 

10 - An advantage of another embodiment of the 

invention is the provision of a method and apparatus 
for supplying square shaped pulses of gas at the 
beginning of an inspiration. 

Yet another advantage of the invention is the 

15 provision of a compact respirating gas supply 
apparatus. 

Still another advantage of the invention is 
the employment of humidifiers, nebulizers, and the like 
without deleterious impact upon a sensor used in a 
20 respirating supply gas apparatus. 

SUMMARY 

In various embodiments of a respirating gas 
supply method and apparatus, a control circuit 
responsive to a sensor operates a valve to supply doses 

25 or pulses of respirating gas through a single hose 

cannula to an in vivo respiratory system when negative 
pressure indicative of inspiration is sensed by the 
sensor. The control circuit operates the valve to 
communicate the in vivo respiratory system with a 

30 supply of gas only if the negative pressure sensed by 
the sensor does not occur within a predetermined yet 
selectively variable required minimum delay inverval 
between successive pulsed application of the gas to the 
in vivo respiratory system. 
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In some embodiments, a three-way .valve having 
ports connected to the sensor, the gas supply, and the 
single hose cannula is used* In another embodiment, a 
four-way valve facilitates usage of the apparatus in 
5 conjunction with a humidifier and/or a nebulizer* 

In one embodiment a respirating gas supply 
apparatus has a sensor comprising a biased fluidic 
amplifier and a pressure-to-electric CP/E) switch. 

Apparatus according to the embodiments 
10 described herein^ can be operated to supply spiked 
pulses or square pulses of gas depending on whether a 
flowmeter is connected between the supply of gas on the 
valve • 

The control circuit of the respirating gas 

15 supply apparatus also has means for determining if the 
in vivo respiratory system has failed to demand a puise 
of gas after the elapse of a predetermined but 
selectively variable maximum time inverval. Upon 
detecting such an apnea event, the apparatus activates 

20 various indicator or alarm means and operates the valve 
to supply an additional pulse or pulses of gas to the 
in vivo respiratory system. 

Upon the detection of an appropriate apnea 
event, respirating gas supply apparatus according to 

25 various embodiments supply stimulus to the upper airway 
passages of an in vivo respiratory system in an effort 
to dislodge any oclusion or obstruction in the upper 
airway passages* In one embodiment the stimulus 
applied is a high pressure pulse of gas* In another 

30 embodiment an electrical signal is applied to an 

electromyographic electrode positioned in proximity to 
a nerve controlling a muscle or organ which may 
obstruct the upper airway passage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other objects; features and 
advantages of the invention will be apparent from the 
following more particular description of the preferred 
5 embodiments of the invention, as illustrated in the 
accompanying drawings in which like reference 
characters refer to the same parts throughout different 
views. The drawings are not necessarily to scale , 
emphasis instead being placed upon illustrating the 
10 principles of the invention. 

Fig. lA is a schematic diagram showing a gas 
supply apparatus according to an embodiment of the 
invention wherein gas is supplied in a spiked pulse 
mode; 

1^ Fig. IB is a schematic diagram showing a gas 

supply apparatus according to an embodiment of the 
invention wherein gas is supplied in a square pulse 
mode; 

Fig IC is a schematic diagram showing a gas 
20 supply apparatus according to an embodiment of the 
invention wherein sensing means comprises a fluidic 
amplifier; 

Fig. 2 is a schematic diagram showing a gas 
supply apparatus according to an embodiment of the 
25 invention wherein supply gas is humidified; 

Fig. 3 is a schematic diagram showing a gas 
supply apparatus according to another embodiment of the 
invention wherein supply gas is humidified; 

Fig. 4A is a graph illustrating a spiked 
pulse method of supplying gas according to a mode of 
the invention; 

Fig. 4B is a graph illustrating a square 
pulse method of supplying gas according to a mode of 
the invention; 
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Fig 5 is a schematic diagram showing a 
control means according to an embodiment of the 
invention; 

Fig, 6 is a schematic diagram showing a gas 
5 supply apparatus according to another embodiment of the 
invention wherein a second gas is also supplied; 

Fig. 7A is a plan view of a fluid amplifier 
of the embodiment of the gas supply apparatus of Fig. 
IC; 

10 Fig. 7B is a graph illustrating the output 

pressure gain curve for the fluid ic amplifier shown in 
Pig. 7Ay and. 

Figs. 8A, 8B, and 8C are schematic diagrams 
showing differing embodiments of gas supply apparatus 

15 which detect apnea events and attempt to remedy apnea 
events caused by occlusion of upper airway passages in 
the in vivo respiratory system. 

DETAILED DESCRIPTION OF TSE DRAWINGS 
The respirating gas supply system of the 

20 embodiment of Fig. lA conqprises a source of gas 20; a 

flowmeter 22; a fluidic capacitance 24; valve means 26; 
sensing means 28; and, control means 32. 

Source 20 is typically a source, of oxygen 
gas. Depending upon the particular environment of use, 

25 source 20 may be a portable tank or a wall supply, for 
example. Source 20 is connected by line 34 to the 
flowmeter 22. As used herein unless otherwise 
indicated, any fluid conveying means, such as a duct, 
pipe, channel, or other closed fluid conduit, is 

30 referred to as a line. 

While the flowmeter 22 may be of any 
conventional type, a ball float-type flowmeter 
manufactured by Dwyer is suggested as one acceptable 
model. The flowmeter illustrated in Pig. lA comprises 

35 a needle valve (not shown) which has an inherent 
resistance PR to the flow of gas. The flowmeter 



inherent resistance is dependent, inter alia , on the 
dimensions of the needle valve and the needle 
orifice. The flowmeter 22 is connected to the 
capacitance by line 40. 

5 Capacitance 24 is shown as a tank but in 

another embodiment is merely a relatively long length 
of tubing. As seen hereinafter, the volume of 
capacitance 24, the flowmeter inherent resistance FR, 
the inherent resistance VR of the valve 26, and the 

10 interrelationship between these factors influence the 
amplitude of a pulse of gas produced by the respirating 
gas supply system of Pig. lA. 

The valve means 26 of the embodiment of Fig. 
lA is a three-way two position solenoid-actuated spool 

15 valve having ports 26a, 26b, and 26c in its bore. Port 
26a is connected by line 46 (a single hose) to a means 
48 for applying gas to an in vivo respiratory system. 
Although the particular means shown in Fig. lA is a 
single hose cannula, it should be understood that other 

20 suitable devices, such as an endotrachial tube or a 
hand resuscitator , for example, may be employed. The 
aforesaid line 40 ultimately connects port 26b to the 
source 20. Port 26c is connected by line 50 to the 
sensing means 28 . 

25 As shown in the Pig. 1 representation of the 

valve 26, the spool of valve 26 is biased to its first 
position to connect port 26a to port 26c so that the 
cannula 48 (and hence in vivo respiratory system (not 
shown) including nares in which the cannula 48 is 

30 inserted) is in fluidic communication with the sensing 
means 28. It should b^ understood that the valve 26 
can be operated to move the spool to its second 
position to connect port 26a with port 26b so that a 
pulse of gas is suppled to the in vivo respiratory 

35 system through the single hose 46. When connected in 
this manner, the valve 26 has an inherent resistance VR 
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to the flow- of gas which is dependent on the size of 
the orifice connecting port 26a to port 26b. 

The valve 26 is electrically controlled by 
control means 32 in the manner hereinafter described. 
5 While the valve 26 shown in Fig. lA is of a type 
manufactured by Lee as model LFAA 1200318H, any 
comparable model can be used. 

The sensing means 28 of Pig.. 1 comprises 
suitable means for sensing a negative fluidic pressure ' 

10 applied along line 50 and for generating an electrical 
signal in accordance with the sensing of the negative 
fluidic pressure. In one embodiment the sensor 28 
comprises a pressure-to-electric (P/E) switch, such as 
a Model E P/E Switch manufactured by the Dietz Company 

15 which can sense pressures as low as 0.02 inches (column 
of water). In this embodiment, the negative input port 
of the P/E switch is connected to the line 50 while the 
positive input port is left open to ambient. Large 
diaphragms used in state-of-the-art P/E switch 

20 technology, such as the two inch diameter diaphragm of 
the Dietz Model E P/E, have considerable internal 
volume and hence, for some environments of use, a 
significantly long time response. Many P/E switches 
must also be mounted horizontally to achieve maximum 

25 sensitivity, but mounting the switches horizontally 

presents another problem — acceleration sensitivity of 

the diaphragm. 

The sensing means 28C of Fig. IC comprises 
means 29 for sensing positive fluidic pressure and for 

30 generating an electrical signal in accordance with the 
sensed fluidic pressure, as well as amplification means 
such as fluid amplifier 30. The fluid amplifier 30 
depicted in Fig IC is a biased turbulent proportional 
amplifier shown in more detail in Fig. 7A. 

35 The biased fluidic amplifier 30 has a power 

input stream 30; two control ports 30b and 30c; and, 
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two output ports 30d and 30e. The power stream input 
port 30a is connected by the line 44 ultimately to the 
source 20. A variable restrictor 52 on line 44 is used 
to limit the magnitude of flow and pressure of flow of 

5 the input stream and thus the sensitivity of the 

fluidic amplifier 30. Control port 30b is connected by 
line 50 to port 26c of the valve 26 such that negative 
pressure in line 50 (created by inspiration in the in 
vivo respiratory system) deflects the power stream to 

10 output port 30d. The amplifier 30 is biased such that 
non-negative pressure in line 50 results in the power 
stream passing through the output port 30e. 

The amplifier structure of Pig. 7A illus- 
trates the biased nature of the amplifier 30. The 

15 amplifier 30 is configured with an off-set splitter. 
That is, the power input stream 30a is canted so that, 
absent control signals at ports 30b (also labeled C^) 
and 30c {Cjj) , the output is normally biased to the left 
output port 30e (L) . When negative pressure is applied 

20 through port 30b, the output switches to port 30d. 
When the negative pressure ceases, the output 
automatically switches back to port 30e. In a pre- 
ferred embodiment the amplifier 30 operates with a low 
power supply so that the jet is laminar. The output 

25 pressure gain curve for the fluid amplifier 30 of Fig. 
. 7A is shown in Fig. 7B. 

A fluidic amplifier of the type manufactured 
by TriTec, Inc. as Model No. AW12* functions well as 
the amplifier 30 of Fig. 7A to give a sensitivity to 

30 negative pressures at least as low as 0.02 cm water, 
but for the use shown, especially considering the 
operating perameters of the P/E switch 31, a 
sensitivity of approximately 0.5 cm water is suf- 
ficient. It should be understood by those skilled in 

35 the art that other fluidic elements, such as a NOR 
gate, can be configured with the circuitry shown to 
yield acceptable results. 
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In the embodiment of Fig. IC a pressure-to 



electric (P/E) switch 31 is used as the me^ins for 
sensing positive pressure and for generating an 
electrical signal in accordance with the sensed fluidic 

5 pressure. The P/E switch 31 illustrated in Fig. C is a 
conventional P/E switch such as that manufactured by 
Fairchild as Model PSF lOOA. The positive input port 
of the P/E switch 31 is connected to the output port 
30d of sensor 30 by line 54 while the negative input 

10 port thereof is open to ambient. For the particular 

sensing means 28 illustrated in Fig. IC, the P/E switch 
31 should be sensitive enough to switch when positive 
pressure as low as 0.5 inch of water is incident 
thereon. When P/E switch 31 receives such pressure, 

15 P/E switch 31 closes a switch 36 as seen hereinafter 
with reference to Fig. 5. 



lA, it should be understood that other types of sensing 
means 28 may be employed. Those skilled in the art 

20 recognize that (if operating requirements permit) a 
thermistor system can be utilized, provided the 
thermistor system is made direction sensitive (by 
utilizing two thermistors and appropriate time delay 
measurement circuitry) . Ordinarily, however, the flow- 

25 type (as opposed to pressure-type) sensitivity of a 
thermistor prevents the thermistor from sensing flow 
rapidly enough to facilitate the supply of an oxygen 
pulse early in inspiration, such as in the manner 
taught in U.S. patent application Serial No. 210,654. 

30 In another embodiment, a pressure transudcer functions 
as the sensing means 28. The pressure transducer can 
be a solid state, a capacitance, or an electro- 
mechanical (diaphragm- type) transducer, depending on 
the sensitivity required. Transducers provide an 

35 analog signal and require rather complex electrical 

circuitry. A suitable solid state crystal may someday 
be developed to function as the sensing means 28 in 



Referring now again to the embodiment of Fig 
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accordance with desired sensitivity requirements • 

The respirating gas supply system of Fig. IB 
resembles the system of Fig. lA but does not have the 
flowmeter 22. As seen hereinafter, the system of Fig. 

5 lA produces a spiked pulse of gas whereas the system of 
Pig. IB produces a square pulse of gas. 

The respirating gas supply system of the em- 
bodiment of Fig. 2 basically resembles the system of 
Fig. IB but, rather than employ a three-way valve, 

10 utilizes a four-way two-position valve 58 as its valve 
means. The four-way valve 58 has four ports in its 
bore: port 58a connected by the line 46 to the cannula 
48; port 58b connected by line 42 ultimately to the 
source 20; port 58c connected by line 50 to control 

15 port 30b of sensor 28; and, port 58d connected by a 
line 60 to an input of a humidifier 62. Valve 58 can 
be any conventional four-way two position valve ,^ such 
as the solenoid-actuated spool valve model 8S45E1 
manufactured by ASCO. As shown in the Fig. 2 rep- 

20 resentation of valve 58, the valve 58 is biased in a 
first position to connect port 58a to port 58c so that 
cannula 48 (and hence the in vivo respiratory system) 
is in fluidic communication with the sensor 28. It 
should be understood that the valve 58 can be actuated 

25 to a second position to connect port 58b to port 58d. 
When this occurs, gas is supplied through the valve 58 
and line 60 to the input of humidifier 62. 

Humidifier 62 is a bubble type humidifier, 
such as the model 003-01 humidifier available from 

30 Respiratory Care, Inc. Humidifier 62 yields a humidi- 
fied gas flow on line 64 connected to the output of the 
humidifier 62. Line 64 connects with a line 46 at 
point 66. A variable resistance 64R on line 64 insures 
that upon inspiration the path of least resistance is 

35 through line 46 and the valve 58 rather than through 
line 46. 

It should be understood that the apparatus of 



the embodiment of Fig. 2 can be connected in the manner 
of Fig. lA .(that is, with a flowmeter) to operate in a 
spiked pulse mode rather than a square pulse mode. 

The respirating gas supply system of the 
embodiment of Fig. 3 basically resembles the system of 
Fig. IB but further incorporates the humidifier 62. A 
line 65 connects to line 46 at point 67. The line 65 
connects the point 67 to the input of 'the humidifier 
62, Line 64 from the output of the humidifier 62 
terminates in a nozzle 68 of a venturi 70. The venturi 
70 is connected on line 46 intermediate the port 58a of 
valve 58 and the cannula 48. A variable resistance 65R 
on line 65 insures that upon inspiration the path of 
least resistance is through the line 46 and the valve 
26 rather than through line 65. Resistance 65R also 
serves to control the flow into the humidifier 62 
through line 65. The venturi 70 shown is a type F- 
4417-10 available from Airlogic, although any 
comparable venturi is suitable. Again, it should be 
understood that the embodiment of Fig. 3 can, if 
desired, incorporate a flowmeter in order to operate in 
a spiked pulse mode. 

It should be understood by those skilled in 
the art that a device for administering medication, 
such as a nebulizer, can be connected in the systems of 
Figs. 2 or 3 in essentially the same respective manners 
as the humidifier 62 shown therein. 

The respirating gas supply apparatus of the 
embodiment of Fig. 6 basically resembles the embodiment 
of Fig. IB but further includes means for suppling a 
second gas to the in vivo respiratory system. The 
apparatus of Fig. 6 further comprises a source 120 of a 
second gas (such as an anesthetic gas, for example) , a 
capacitance 124; and, second valve means 126. Source 
120 is connected to capacitance 124 by line 134; 
capacitance 124 is connected to the valve means 126 by 



line 142. The apparatus of the embodiment of Pig. 6 
can be used, if desired, with a humidifier in the 
manner described above with reference to either Fig. 2 
or Pig. 3. 

Valve 126 is a two-way two position solenoid- 
actuated spool valve having port 126a and 126b in its 
bore. The central spool of valve 126 is biased in a 
first position as shown in Pig. 6 so that ports 126a 
and 126b are not communicating. Port 126b of valve 126 
is connected by line 144 to a point 146 where line 144 
joins line 46. A variable resistance 147 on line 144 
insures that upon inspiration the path of least 
resistance is through the line 46 and valve 26 rather 
than through line 144. The solenoid valve 126 is 
electrically connected by lines L3' and L3 to the 
control means 32. In other embodiments the solenoid 
valve is mechanically connected to a control means. 

The control means 32 of the embodiment of 
Pig. 5 is suitable for use with apparatus constructed 
in accordance with any of the foregoing embodiments. 
Control means 32 is a circuit comprising four NAND 
gates (72, 74, 76^ and 78); four NOR gates (80, 82, 84, 
and 86); three transistors {Tl^ T2, and T3) ; a 555 
timer chip 88; a 556 dual timer chip 90; LEDs 92 and 
94; piezo electric member 96; and, various resistances 
and capacitances as hereinafter designated. 

As used with reference to Pig. 5, the 
notation "LX" denotes an electrical line (as opposed to 
a fluidic line) where X is a appropriate reference 
number. For example, controller 32 includes a line LI 
connected to a high DC voltage supply (not shown) and 
line L2 connected to a low DC voltage supply (also not 
shown) . The potential difference across LI and L2 is 
between 12 and 15 volts DC. 
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The 556 dual timer chip 90 shown in Pig. 5 is 
a 14 pin chip manufactured by National Senriconductor as 
part number LM 556CN. It should be understood that any 
comparable 556 dual timer chip is suitable for the 
circuit of Fig. 5. For the particular chip shown, pins 
1-7 correspond to pins of a first timer in the dual 
timer while pins 8-14 correspond to pins of a second 
timer. The pins are labeled as follows: 

PIN DESCRIPTIONS FOR 556 CHIP 



DESCRIPTION 


TIMER 1 


TIMER 2 


discharge 


1 


13 


threshold 


2 


12 


control voltage 


3 


11 


reset 


4 


10 


output 


5 


9 


tr igger 


6 


8 


ground 


7 




operating voltage 




14 



The pin cionnections for the first timer of 
20 the 55'6 dual timer- 90 are as follows: Pins 1 and 2 are 
connected to line L2 through a series combination of 
resistor Rl and a lOOK variable potential resistance 
R2. Pins 1 and 2 are also connected to line L2 through 
capacitance CI. Pin 3 is connected to line L2 through 
25 capacitor C2. Pin 4 is connected directly to line 

LI. Pin 5 is connected to the base of transistor Tl 
through resistor R3. Pin 5 is also connected to the 
anode of LED 92 (the cathode of LED 92 being connected 
through resistor R4 to the line L2) . Pin 6 is 
30 connected through capacitor C3 to the output terminal 
of NOR 80. Pin 6 is also connected to line LI through 
the resistor R14 and to line L2 through the resistor 
R15. Pin 7 is connected directly to line L2. 
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The pin connections for the second timer of 
the 556 dual timer 90 are as follows: Pin 8 is 
connected through capacitor C4 to the output terminal 
of NDR 84, as well as to line LI through the resistor 
5 R16 and to line L2 through the resistor R17. Pin 9 is 
connected to both input terminals of NAND 74. Pin 10 
is connected directly to line LI and to a point 102 
discussed hereinafter. Pin 11 is connected through 
capacitance C5 to line L2. Pins 12 and 13 are 
10 connected to line LI through a series combination of 
resistor R5 and a lOOK variable potential resistor 
R6. Pins 12 and 13 are also connected to line L2 
through capacitance C6. Pin 14 is connected directly 
to line LI. 

15 The 555 timer chip 88 shown in Pig. 5 is an 

eight pin chip manufactured National Semiconductor 
as part number LM 555CN. It should be understood that 
any comparable 555 chip is suitable for the circuitry 
of Pig. 5. For the particular chip shown the pins are 

20 labeled as follows: 



nsSCRIPTIOW PIN 

ground 1 

trigger 2 

output 3 

25 reset 4 

control 5 

threshold 6 

discharge 7 

operating voltage 8 



The pin connections for the 555 timer chip 88 
are as follows: Pin 1 is connected directly to line 
L2. Pin 2 is connected to the output of NOR 82 and to 
the base of transistor T2. Pin 3 is connected to both 
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inputs of NOR 86 and to a point 98. Pin 4 is directly 
connected to line LI. Pin 5 is connected .to line L2 
through capacitor C7. Pins 6 and 7 are connected to 
line L2 through capacitance C8. Pins 6 and 7 are also 
5 connected to line LI through a series combination of 
resistances, the combination including a resistor R7 
and anyone of a group of parallel-arranged resistances 

such as resistances Ra, Rb, and Rc • Which of the 

parallel-arranged resistances is used depends on the 
10 manual positioning of a switch 100 as described 

hereinafter. Pins 6 and 7 are also connected to the 
emitter of transistor T2. Pin 8 is connected directly 

to the line LI. 

NAND 72 has a first input terminal 72a 

15 connected to line LI through resistance R8 and 

connected to L2 through the switch 36. A second input 
terminal 72b of the NAND 72 is connected to the output 
terminal of NAND 74. The output terminal of NAND 72 is 
connected to a first input terminal 80a of NOR 80, as 

20 well as to both input terminals of the following: NOR 
82, NOR 84, and NAND 76. The first input terminal 80a 
of NOR 80 is also connected to a point 104 intermediate 
the output terminal of NOR 86 and the anode of LED 
94. The second input terminal 80b of NOR 80 is 

25' connected to line L2 through resistor R9. The lines 
L4, L5, L6, and L7 shown in Fig. 5 are connected to 
further devices, such as instrumentation which, unless 
otherwise. noted herein, do not form part of the present 
invention. 

30 Transistor Tl is a NPN transistor, such as 

the type available from GE as part GE-66A. The emitter 
of transistor Tl is connected directly to line L2. The 
collector of transistor Tl is isolated from line L2 by 
a diode Dl (IN 4005) and is connected to the positive 

35 terminal of appropriate valve means (such as valve 26 
or valve 58) by line L3. Line L8 is connected to the 
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negative (or ground) terminal of the appropriate valve 
means* 

Transistor T2 is a PNP transistor, such as 
the type available from GE as part GE -65. The emitter 

5 of transistor T2 is connected to pins 6 and 7 of timer 
88. The base of transistor T2 is connected to the 
output of the NOR 82. The collector of the transistor 
. T2 is directly connected to line L2. 

Pig. 5 also includes^ an alarm circuit 

10 generally denoted as 100. A point 102 of alarm 

circuits 100 is connected both to line LI and (through 
capacitor C9) to line L2. Terminal 96b of the piezo 
electric 96 is connected to point 102 through 
resistance RIO and to the base of transistor T3 through 

15 resistor Rll. Terminal 96a of the piezo 96 is 
connected to point 102 through resistance R12. 
Terminal 96c of the piezo electric 96 is connected to 
point 98 and to the emitter of transistor T3. The 
alarm circuit 100/ when activated , functions as an 

20 oscillator and drives therefor to produce audible 
oscillation. It should be understood that any 
conventional circuit, including buzzers and electro- 
mechanical alarms, may be utilized instead. 

Transistor T3 is a NPN transistor, such as 

25 the type available from GE as part OS-66A* The 
collector of transistor T3 is connected through 
resistor R12 to the point 102. The other connections 
of the transistor T3 are described above. 

The NOR gate 86 has its output terminal 

30 connected to the anode of the LED 94. The cathode of 
the LED 94 is connected through resistor 13 to the line 
L2. 

Conventional NOR gates can be used for the 
NORs 80, 82, 84 and 86 and conventional NAND gates can 
35 be used for the NANDs 72, 74, 76 and 78 utilized in the 
controller of Fig. 5. For the embodiment of Fig, 5, 
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however, the NANDs illustrated are parts 4011B 
manufactured by National Semiconductor and the NORs are 
parts 4001B manufactured by National Semiconductor. 

The suggested values for the resistances and 
5 capacitances for the embodiment of Pig. 5 are as 
follows: 

RESISTANCES CAPAC IT^^NCES 



Rl.= 


lOK 


Cl= 




R2= 


(variable) 


G2= 




R3= 


IK 


C3= 


0.1^ 


R4= 


2K 


C4= 


O.lu 


R5= 


lOK 


C5« 


0.02^ 


R6= 


(variable) 


C6= 


22;x 


R7= 


1.2K 


C7= 


0.02^ 


R8«- 


2K 


C8= 


220/t 


R9= 


20K 


C9= 


10^ 


R10= 


22 OK 






Rll= 


lOK 






R12= 


510 






R13= 


2K 






R14= 


IM 






R15= 


IM 






R16= 


IM 






R17= 


IM 







25 In the operation of the respirating gas 

supply system of the embodiment of Fig. lA, gas from 
the source 20 is passed through line 34 to the 
flowmeter 22. The needle valve (not shown) in 
flowmeter 22 is set to control the rate of flow through 

30 the flowmeter 22, Gas flowing through the flowmeter 22 
continues through line 36 to the capacitance 24. From 
capacitance 24 the gas passes into line 42. The gas in 
line 42 does not pass through the valve 26 until the 
valve 26 is actuated so that port 26b thereof is 
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connected to port 26a in the manner hereinafter 
described. 

The cannula 48 is inserted in the nares of an 
in vivo respiratory system. When a negative pressure 
is created by an attempted inspiration by the in vivo 
respiratory system, the negative pressure is applied to 
the single hose 46. 

For the apparatus shown in the embodiment of 
Pig. lA, valve 26 is normally in the position shown in 
Fig. lA with port 26a connected to port 26c. Upon 
inspiration a negative pressure is created in line 
50. In the embodiment described above wherein sensor 
28 is a P/E switch, for example, the negative pressure 
in line 50 acts upon the negative pressure input port 
15 of the P/E switch. The P/E switch accordingly closes 
the switch 36 of Fig. 5. 

For the apparatus shown in the embodiment of 
Fig. IC, the negative pressure in line 50 created by 
inspiration is applied to the control port 30b of 
20 fluidic amplifier 30. The negative pressure at control 
port 30b causes the power stream input of amplifier 30 
to be deflected so that output occurs at the output 
port 30d rather than at the output port 30e to which it 
is normally biased. The output from port 30d creates a 
25 positive fluid signal on line 54 which is applied to 

the positive input port P/E switch 31. The P/E switch 
31 accordingly closes the switch 36 of Fig. 5. 

With respect to the controller 32 as depicted 
in Fig. 5, the closing of switch 36 completes a circuit 
between lines LI and L2 and causes a false signal to be 
applied to input port 72a of NAND 72. Since the input 
port 72b normally receives a true signal (except when 
the negative pressure is sensed during a required 
minimum delay interval after the next preceeding 
35 application of gas in the manner hereinafter 
described), the output of NAND 72 is true. 
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Accordingly, input terminal 80a of NOR gate 80 goes 
true. Likewise, all input terminals of NAND 76, NOR 

82,. and NOR 84 are true. 

Unless an apnea event is detected as 

5 hereinafter described, or unless a true signal is 

received on line L4, the input terminal 80b is false. 
At this point, the output of NOR gate 80 is false. The 
output of NOR 84 is also false. 

False outputs from the NOR gates 80 and 84. 

10 are applied to pins 6 and 8 of the dual timer 90. Pin 
6 is the trigger input of the first timer included in 
the dual timer 90; pin 8 is the trigger input of the 
second timer included in the dual timer 90. As result 
of trigger pins 6 and 8 going from true to false, the 

15 outputs from corresponding pins 5 and 9 go true. 

Output pin 5 of the dual timer 90 going true 
causes transistor Tl to conduct, so that a current is 
established on line L3. The resultant electrical 
signal on line L3 causes the solenoid valve 26 to move 

20 from its normally biased position as shown in Fig. lA 
to its second position where port 26b thereof is 
connected to port 26a. 

connecting port 26b of the solenoid valve 26 
to port 26a enables the gas in line 42 to be 

25 transmitted through the valve 26. It should be 

recalled that both the flowmeter 22 and the valve 26 
have inherent resitances to the flow of gas. The 
resistance FR of the flowmeter is generally greater 
than the resistance VR of the valve 26. Thus, as the 

30 valve 26 moves to connect port 26a to ports 26b, 

pressure in line 42 drops and, if the valve 26 remains 
in this position long enough, the rate of flow of the 
gas eventually is dictated by the resistance FR of the 
flowmeter 22. 

35 Valve 26 thus allows a pulse of gas to pass 

from line 42 through valve 26, through line 46 and 
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cannula 48, and into the in vivo respiratory system. 
As seen hereinafter, the duration of the pulse is 
determined by the length of the time the valve 26 
remains in the position wherein port 26b is connected 
to port 26a. The amplitude of the pulse is a function 
of the flow rate through the valve 26. Incorporation 
of the flowmeter 22 and to the fluid supply circuit of 
Fig. lA causes the pulse of gas produced to have a 
spike shape such as that shown in Pig. 4A. While the 
pulse of gases is being supplied, the LED 92 conducts 
to provide a visual indication of the same since the 
signal applied to transistor Tl is also applied to the 
LEO 92 anode. 

When the output pin 5 of the dual timer 90 
goes false the pulse of gas supplied through the valve 
26 is caused to terminate. In this respect, a false 
signal from pin 5 stops the transistor Tl from 
conducting, so that the signal on line L3 goes false. 
A false signal on line L3 causes the solenoid valve 26 
to return to its normally biased position as shown in 
Pig. lA. 

The time at which the output pin 5 of dual 
timer 90 goes false depends on the voltage value 
supplied to pin 2 of the dual timer 90. The voltage 
value at pin 2 of the dual timer 90 is dependent on the 
value chosen for the lOOK variable potential resistor 
R2. In this respect, the pulse of gas is supplied 
until the voltage at pin 2 becomes two-thirds of the 
voltage difference seen across pins 7 and 14. For the 
embodiment described herein with reference %o the 
circuit values mentioned above, when the resistance 
value of resistor R2 is 35K, for example, a pulse of 
0.5 seconds duration will be supplied. 

As mentioned above, both timers in the dual 
timer 90 were triggered so that the output pins 5 and 9 
became true. A true signal on pin 5 moved the solenoid 
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valve 26 as described hereinbefore. A true on pin 9, 
however, causes the NAND gate 74 to go false, so that a 
false signal is supplied to the input terminal 72b of 
NAND 72. The output of NAND 72 thus goes true and 
5 remains true as long as pin 9 of the dual. timer 90 is 
true. 

While the output of NAND 72 remains true, pin 
6 of the dual timer 90 cannot be triggered false. In 
this respect, pin 6 of the dual timer 90 remains false 

10 and cannot transition from true to false while pin 9 is 
true. This means that should the in vivo respiratory 
system attempt to inspire while pin 9 of dual timer 90 
is still true, the attempted inspiration will have no 
effect on pin 6 of the dual timer 90, and hence no 

15 effect on the valve 26 so that an additional pulse of 
•gas is not supplied. Further attempted inspirations 
are ineffectual until the output pin 9 of dual timer 90 
goes false. The time at which the output pin 9 of dual 
timer goes false is selectively variable by the value 

20 chosen for the lOOK potential variable resistor R6. R6 
affects the voltage value applied to the threshold pin 
12 of the dual timer 90, which determines when the 
output pin 9 goes false. 

The value chosen for the resistor R6 

25 determines a required minimum interval between 
successive applications of gas to the in vivo 
respiratory system. This enables the apparatus to 
supply a fixed volume dose of respirating gas to the in 
vivo respiratory system per unit time. For the 

30 suggested circuit values given hereinbefore, resistor 

R6 chosen to have a value of 73K gives a delay interval 
of 2.0 seconds. That is, when a negative pressure is 
sensed in the in vivo respiratory system, controller 32 
will not permit a pulse of gas to be "applied to the in 

35 vivo respiratory system unless the required delay 
interval has elapsed since the sensing' of negative 
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pressure which resulted in the next preceding 
application of gas to the in vivo respiratory system. 
In this manner r the in vivo respiratory system is 
protected from over oxygenation should the in vivo 
5 respiratory system attempt an abnormally true number of 
inspirations. Without this protection feature , the in 
vivo respiratory system would dangerously be supplied 
excess pulses of gas when attempted inspirations are 
too frequent. 

10 The foregoing method of requiring the elapse 

of a minimum delay interval between successive 
applications of gas to the in vivo respiratory system 
also enables the apparatus of the embodiment discussed 
herein to be operated when desired in accordance with * 

15 the method described in U.S. patent application Serial 
Number 210,654^ already incorporated herein by 
reference. The pulse has a duration which can be less 
than the duration of the inspiration. 

When the apparatus of the embodiment of Fig. 

20 lA^ for example r is operated in accordance with a mode 
of the method of patent application Serial Number 
210,654, the valve 26 returns to its normally biased 
position with port 26a connected to port 26c long 
before the negative pressure in the in vivo respiratory 

25 system has ceased. In this respect, the pulse of gas 
is supplied for a time period which is a fraction of 
the duration of inspiration. Without the protective 
function of the second timer (and the effect of output 
pin 9 of the dual timer 90 on NAND 80 to prevent 

30 trigger pin 6 of the dual timer 90 from going from true 
to false) / an additional pulse of gas would be supplied 
for the same inspiration. Thus, the protective 
function provided by the second timer of the dual timer 
90 of controller 32 allows the valve 26 to return to 

35 its normally biased position and provides a buffer time 
interval in which the valve 26 cannot again be 
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actuated. Thus, controller 32 facilitates the usage of 
a single simple valve rather than a series' of valves. 
Moreover, controller 32 and the valve means associated 
therewith facilitates the use of a single hose 46 
leading to a single hose cannula 48, which allows both 
negative pressure and positive pressure to be 
transmited through the same line 46. 

The operation of the embodiment of Fig. IB 
basically resembles that of the embodiment of Fig. lA, 
but, rather than supplying a spiked pulse, the 
embodiment of Fig. IB supplies a square pulse such as 
that shown" in Fig. 4B. The square pulse results from 
the fact that there is no flowmeter in the line 
connecting the source 20 the the valve 26. Thus, the 
pressure in the capacitance 24 — whether it be merely 
a length of tubing or a tubing and a tank — is the 
pressure of the source 22 rather than the pressure 
determined by tJie inherent resistance of the 
flosraeter. Thus, when valve 26 is opened to connect 
port 26a and port 26b, the only limiting influence on 
the flow of gas is the inherent resistance of the valve 
26. Without the inherent resistance FR of the 
flowmeter to dampen the pulse, the pulse assumes a 
square shape. It is currently thought that the square 
shape mode allows a more accurate dosage of volume flow 
to the cannula 46. 

The operation of the embodiment of Fig. 2 
also basic resembles that of Fig lA but further 
supplies a humidified pulse of gas to the in vivo 
respiratory system. In the same manner described with 
reference to the Fig. lA embodiment, controller 32 
causes valve 58 to move to a position where a port 58b 
communicates with port 58d when an appropriate negative 
pressure is detected in the in vivo respiratory 
system. A pulse of gas then passes through line 60 to 
humidifier 62. A humidified pulse of gas leaves 
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humidifier 62 and travels to the in vivo respiratory 
system on line 64 and 46. In this manner moisture 
provided by the humidifiers 62 does not contaminate 
ports 58a and 58c of valve 58, nor the sensor 28 
connected thereto by line 50. 

It should be apparent by the operation of the 
embodiment of Fig. lA that the operation of the 
embodiment of Fig. 3 is substantially the same except 
that in the Fig. 3 embodiment the pulse of gas is also 
humidified by humidifier 62 before it passes to the in 
vivo respiratory system. The pulse of gas leaves the 
valve 26 through line 46. A point 67 the pulse divides 
so that a pulse first portion continues to travel on 
line 46 to the input of venturi 70 and a pulse second 
portion is supplied on line 65 to the input of the 
humidifier 62. The resulting humidified gas from the 
humidifier 62 is applied on line 64 to nozzle 68 of the 
venturi 70. The pulse of gas leaving venturi 70 is 
thus humidified for application to cannula 48. Use of 
venturi 70 in this manner eliminates the need of 
additional or more complicated valving means and 
protects the humidifier 62 from higher pressures it 
might otherwise receive. 

With respect to the embodiment of Fig. 6, a 
true signal on line L3 causes not only the valve 26 to 
allow the passage of a pulse of a first gas 
therethrough, but also causes the valve 126 to be 
actuated to connect the source 120 of the second gas to 
the cannula 48. In this respect, the true signal on 
lines L3 and L3' cause valve 126 to be actuated so that 
port 126a is communicable with port 126b. A pulse of 
second gas is thereby supplied through lines 144 and 46 
to the cannula 48. 

The duration of the pulse of the second gas 
is determined in the same manner as the duration of the 
pulse of the first gas. The amplitude of the pulse of 
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the second gas is determined in much the same manner as 
the amplitude of the first gas, being dependent on the 
inherent resistance VR of the valve 126 and the 
pressure of the source 120. It should be understood 
5 that^ if desired, the apparatus of Fig. 6 can operate 
in the spiked pulse mode by connecting a flowmeter 
between valve 126 and source 120. 

The system of Fig. 6 provides the same 
protective features for the in vivo respiratory system 
10 as do any of the foregoing embodiments. Additionally, 
the second gas (such as an anesthetic), is supplied 
only when the first gas (such as oxygen) is also being 
supplied. 

It has been described above how the 

15 controller 32 protects the in vivo respiratory system 
from overoxygenation should the in vivo respiratory 
sytem attempt an abnormally high number of 
inspirations. The following discussion illustrates how 
the controller 32 indicates that the in vivo 

20 respiratory system is failing to attempt a further 
inspiration within a maximum time interval. 

As mentioned above, when an inspiration 
(negative pressure from the in vivo respiratory system) 
is sensed, both input terminals of NOR 82 are true. 

25 The resultant false output of NOR 82 is applied to 

input pin 2 of the timer 88, as well as to the base of 
transistor T2. Transistor T2, being a PNP type, 
conducts to discharge capacitor C8. The transition 
from a true to a false input ot pin 2 of timer 88 

30 results in a true output on pin 3 of timer 88. The 
true output signal from pin 3 is applied to alarm 
circuit 100 so that the piezo element 96 therein 
remains inactive. Likewise, the true output signal 
from pin 3 is applied to both input terminals of NOR 

35 86, resulting in a false output signal from NOR 86 at 
point 104. The false output from NOR 86 does not 
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trigger the LED 94 nor does it affect input terminal 
80b of NOR 80. 

When negative pressure is not sensed in the 
in vivo respiratory system, the output signal from NAND 

5 72 is false. This false output signal, applied to both 
input terminals of NOR 82, results in a true output 
from NOR 82. The true output signal from NOR 82 is 
applied to the base of transistor T2, causing T2 to 
stop conducting. Pin 2 of timer 88 is prevented from 

10 triggering. As transistor T2 stops conducting, 

capacitor C8 charges up. When capacitor C8 charges up 
to the threshold level of pin 6 of timer 88, the output 
pin 3 of timer 88 goes false. A false output on pin 3 
of timer 88 energizes the alarm circuit 100 so that an 

15 audible signal is produced by the piezo element 96 in a 
conventional manner. False signals applied to both 
input terminals of NOR 86 result in a true output 
signal at point 104. The true signal at point 104 
energizes the LED 94 to indicate an apneic event. 

20 The true signal at point 104 is also applied 

to the input terminal 80b of NOR 80. Since the output 
signal of NAND 72 applied to terminal 80a of NOR 80 is 
false, the output terminal of NOR 80 goes false. The 
transition from true to false at pin 6 of the timer 90 

25 causes a pulse of gas to be supplied to the in vivo 
respiratory system in the manner described above. If 
no further attempted inspiration is sensed, sequential 
pulses of gas are supplied in the same manner. 

From the foregoing it should be apparent that 

30 a timer 90 provides a maximum time interval, and that 
the in vivo. respiratory system must attempt a further 
inspiration before the expiration of the maximum time 
interval. If the maximum time interval is exceeded by 
the lapse of time from a next preceeding application of 

35 a pulse of gas to a sensing of negative pressure, the 
timer 88 functions to activate both the audible alarm 
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of circuit 100 and the visible alarm of LED 94, as well 
as to trigger timer 90 so that a further pulse of gas 
is provided. The duration of the maximum time interval 
depends on the particular valve of the resistance Ra, 

5 Rb, Rc, .. .manually chosen by the switch 100. This 
resistance valve determining the rate at which 
capacitor C8 charges, which in turn determines the time 
at which the threshold voltage applied 'to pin 6 of the 
timer 88 is sufficiently high for the output state of 

10 pin 3 thereof to change. 

The apparatus of the embodiment of Pig. 8A 
somewhat resembles the apparatus of the embodiment of 
Fig. IC, but the apparatus of Fig. 8 has its sensor 
28C' adapted for compatibility with* an apnea detection 

15 and occlusion prevention (ADOP) circuit 200. The ADOP 
circuit 200 is a predominately fluidically operated 
circuit comprising a first fluidic timing circuit 202; 
a fluidic NOR gate 204; a second fluidic timing circuit 
206; and, valve means 208. 

20 The sensor circuit 28C' resembles the circuit 

28 of Fig. 5 with two exceptions: (1) point 104 
intermediate LED 94 and NOR 86 is not tied to the input 
terminal 80b of NOR 80, and (2) the output port 30c of 
fluidic amplifier 30 is connected by a line 210 to a 

25 point 212 in the first timing circuit 202. 

Point 212 of the timing circuit 202 is 
connected by parallel lines 214 and 216 to a point 
218. Intermediate points 218 and 212, line 214 has a 
fluid resistance 220 thereon while line 216 has an 

30 exhaust means, such as a mushroom valve 222, thereon. 
The mushroom exhaust valve 222 is oriented so that a 
fluid signal from point 212 is transmitted to point 
218, but a fluid signal from point 212 to the valve 222 
prevents 218 from rapidly exhausting to atmosphere. 
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Point 212 of the timing circuit 202 is 
connected by line 224 to a first capacitance r such as 
variable volume elastomer ic capacitance 226* 
Capacitance 226 is adapted to function in the manner of 

5 a comparable capacitance similarly depicted in U.S. 
patent application Serial No. 210/653^ filed 26 
November 1980 (incorporated herein by reference) but 
has a considerably longer potential volume for reasons 
seen hereinafter. Point 224 of circuit 202 is 

10 connected by line 228 of the NOR gate 204. 

NOR gate 204 comprises a power stream input 
port 204a connected to a source 230; a control port 
204b; a first output port 204c; and, a second output 
port 204d. Line 228 is connected to the control port 

15 204b. A line 232 is connected from output port 204d to 
the second fluidic timing circuit 206. NOR gate 204 is 
of a type that, unless a signal is applied at port 204b 
to deflect output to port 204d, provides output at port 
204c. 

20 Output port 204d of NOR gate 204 is connected 

by lines 232 and 234 to a positive pressure input 
terminal of a conventional pressure-to-electric (P/E) 
switch 236. Switch 236 is connected by an electrical 
line L9 to indicator means 242 which includes, for 

25 example, one or more of the following: audible alarm 
means, visual alarm means, and counter means. 

The second fluidic timing circuit 206 is 
essentially a fluidic one-shot comprising a first 
output port 206a vented to atmosphere; a second output 

30 port 206b connected via line 240 to the valve 208; a 
first input port 206c connected to a source 230; a 
second input port 206d; and, a third input port 206e. 
Input port 206d is connected by line 232 to output port 
204d of the NOR 204. The fluidic timing circuit 206 

35 further comprises a substantially closed-loop fluidic 
path 244 which has a first end thereof communicating 
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with port 206d and a second end thereof communicating 

wi4:h port 206e. The fluidic path 244 has thereon one 

or more timing means, such as a fluid restrictive 

device 246 and/or a capacitance device 248. As shown 

V 

5 in the embodiment of Fig. 8, the restrictive device 246 
is a variable resistor and the capacitance 248 is a 
variable capacitance, stich as an elastomer ic balloon. 
The restrictive device 246 and capacitance 248 can be. 
interchanged with similar restrictive devices or 

10 capacitances having different values and capacitances 
as desired. 

As mentioned above, output port 206b of the 
fluidic timing circuit 206 is connected via line 240 to 
the valve means 208. Valve 208 as shown is a two-way, 

15 two position solenoid spool valve, such as an ALCON 
Series A Model 7986 valve. Although any suitable 
conventional valve may be utilized. Valve 208 has two 
port 208a and 208b in its bore. Valve 208 is connected 
so that a positive pressure on line 240 moves the valve 

20 208 into the position shown in Fig. 8A wherein port 
208a thereof is connected to port 208b. 

Port 208b of valve 208 is connected by line 
250 to a point 252 on line. A fluidic resistor 254 on 
line 250 insures that the path of least resistance from 

25 the cannula 48 is through the line 46 and through the 
valve 26 rather than through line 250. 

Port 208a of valve 208 is connected by a line 
256 to a capacitance 258, which in turn is connected by 
line 260 to a flowmeter 262. Flowmeter 262 is 

30 connected by line 264 to a pressure regulator 266.. 
Pressure regulator 266 is connected to a source 268. 

The embodiment of Fig. 8B basically resembles 
the embodiment of Fig. 8A but does not employ the 
second fluidic timing circuit 206 and the valve means 

35 208. Instead/ the positive pressure port of the P/E 
switch 236 is directly connected to the output port 
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204d of NOR 204. The electrical output of the P/E 
switch 236 is connected a electrical line LIO through 
an electrical stimulation controller 274 to a 
conventional electromyographic electrode 270. 
5 Electrode 270 is positioned under the chin of a patient 
in close proximity to a hypoglossal nerve {the twelfth 
cranial nerve) . 



embodiment of Pig. 8C basically resembles the operation 

10 of the embodiment of Pig, IC, However, with the 
controller 32' of Fig. SC, when the timer 88 of 
controller 32' determines that the in vivo respiratory 
system has not attempted a further inspiration before 
the expiration of a first maximum time interval, timer 

15 90 is not triggered to provide a further pulse of 
gas. Moreover, although a short apnea event 
corresponding to the first maximum time interval has 
already occurred and been indicted by LED 94 and alarm 
circuit 100, the embodiment of Fig. 8C further 

20 functions to (1) determine when the in vivo respiratory 
system has failed to attempt a further inspiration 
before the inspiration of a second maximum time 
interval (the second maximum time interval being 
greater than the first maximum time interval and 

25 indicative of a long apnea event) , and (2) to provide a 
high pressure pulse of gas to the in vivo respiratory 
system in an attempt to dislodge any occlusion or 
obstruction in the upper airway passages of the in vivo 
respiratory system* 

30 In the above regard, when output indicative 

of non-negative pressure in the in vivo respiratory 
system occurs at port 30e of amplifier 30, the output 
is applied to the first fluidic timing circuit 202. 
The fluidic output signal travels around line 216 of 

35 circuit 202, closing the mushroom valve 222. From 
thence the signal is applied to the variable 
capacitance 226 on line 224. The fluid signal is 
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continuosly applied to the variable capacitance device 
226 so long as output occurs at port 30e of amplifier 
30. 

In normal breathing the output of amplifier 
^ 30 will switch to port 30d long before the variable 
capacitance device 226 is filled to its maximum 
capacity. In this regard, it is recalled- that 
amplifier 30 switches its output from port 30e to port 
30d when an inspiration is sensed. In this case, the 
1° patient is breathing satisfactorily and there is no 

apneic event. 

in abnormal breathing, however, when the 
patient fails to inspire, amplifier 30 continues to 
generate a fluid signal on output port 30e. 

15 Accordingly, the variable capacitance device 226 

continues to expand until it is inflated to its maximum . 
capacity. When the variable capacitance device 226 is 
inflated to a pressure which expands it to its maximum 
capacity, the fluid pressure builds on line 228 and 

20 causes the power stream entering port 204a of NOR gate 
204 to switch from output port 204c to output port 
204d. In this manner, the NOR gate 204 creates a fluid 
signal on line 232. The fluid signal on lines 232 and 
234 are connected to the pressure/electric switch 236 

25 which converts the fluid signal on line 234 to an 

electric signal on line L9. The electric signal can 
perform various diagnostic operations, such as activate 
an electrocardiogram (EGG) monitor, an alarm, or a 
counter . 

30 Various sizes and types of elastomer ic 

balloons or other appropriate devices may be chosen for 
the variable capacitance device 226. Factors to be 
considered in making the choice of which device to use 
include the elastomeric tension exerted by the device 

35 and the maximum fluid-storing capacity of the device. 
For example, if it were desired that the apneic event 
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circuit 200 indicate that the patient has not inspired 
wtthin a 60 second-second maximum time interval, the 
device 226 should be selected so that it can 
'accommodate the volume of fluid generated by amplifier 

5 30 for that 60 second period without triggering a 

switch in NOR gate 204. Of course, should the patient 
inspire before the varrable capacitance device 226 
reaches its maximum pressurized capacity, the device 
226 acting in conjunction with the mushroom valve 222 

10 is quickly deflated in the manner described above. 

It should be evident from Fig. 8A that, 
absent a fluid signal on line 232, the power stream 
entering port 206c of the circuit 206 is vented to 
atmosphere through output port 206a. However, when the 

15 fluid signal is applied on line 206d, the power stream 
entering at port 206c is deflected to the output port 
206b for a period of time in the manner hereinafter 
described. 

Upon application of the fluid signal on line 

20 232 to the port 206d of the second circuit 206, the 
power stream entering port 206c is deflected from the 
output port 206a to the output port 206b, thereby 
creating a fluid signal on line 240 which is applied to 
the valve means 208. The fluid signal on line 232 is 

25 also applied to the fluidic path 24*4 which has thereon 
timing means (such as the resistance 246 and the 
capacitance device 248) . The timing means delays the 
passage of the first fluid signal around the closed 
loop fluidic path 244 for a pre-determined time. That 

30 is, an appropriate value is chosen for the resistance 
of the variable resistor 246 and a capacitance device 
248 of appropriate maximum capacity is chosen so that 
the first fluid signal travelling around the closed 
loop .fluidic circuit 244 will be delayed for a pre- 

35 determined time before the signal reaches the port 206e 
of the fluidic circuit 206. When the fluid signal 
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travelling around the closed loop fluidic path 244 
reaches the port 206e, the fluidic pressure on each 
side of the power stream entering at port 206c is 
equalized so that the power stream is no longer 
deflected out the port 206b but instead is again vented 
to atmosphere through the port 206a. 

The valve 208 receives a supply of gas 
ultimately from source 268 but can transmit the gas 
only when a fluidic signal is applied on line 240 in 
the manner described above. When a fluidic signal is - 
applied on line 240, the valve 208 is operated to 
connect port 208a thereof to port 208b for a time 
period whose duration is determined by the duration of 
the signal on line. 240. As seen above, this duration 
of the signal on line 240 is determined by the selected 
values associated with the resistance and capacitance 
of the delay loop 244. 

Valve 208 functions to provide a high 
pressure pulse of gas through line 250 to the single 
hose cannula 48 in an effort to dislodge an upper 
airway obstruction or occlusion which may have caused 
the long apnea event. In some instance the pressure 
supplied by the pulse should be as high as 50 pounds 
per square inch. The amplitude of the pulse is 
25 controllable through the various devices (regulator 
266, capacitance 258, flowmeter 262) shown connected 
intermediate valve 208 and source 268. 

It should be under stpod that various methods 
can be used to operate the apparatus of Fig. 8A. For 
example, in one mode of operation a high pressure pulse 
of limited duration is applied. In another embodiment 
the fluid circuit 206 can be adapted so that a high 
pressure pulse trails off to a continuous flow of 
lesser pressure. It can yet be envisioned that a 
series of high pressure pulses can be applied in a 
programmable manner. 
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The embodiment of Pig. 8B functions much in 
the manner of Fig. 8A but, rather than supply a high 
pressure pulse of gas through a valve means, uses the 
P/E switch 236 to generate an electrical signal on line 

5 LIO for application to the electrode 270. Electrode 
270/ positioned under the chin in close proximity to a 
nerve controlling a muscle or the like, such as the 
hypoglossal nerve for the tongue, provides stimulus for 
the muscle to dislodge itself from the upper airway so 

10 that the movement of the muscle and associated organs 
can again be in coordination with the diaphragm of the 
in vivo respiratory system. 

Fig, 8C illustrates a further embodiment of 
the invention which accomplishes objectives similar to 

15 that of the embodiment of Fig. 8A. The apparatus of 
Fig. 8C resembles the apparatus of Fig. 6. The 
controller 32' of Fig. 8C, however, does not have its 
point 104 connected to the input terminal 80b of NOR 
80. Rather, point 104 is connected by line L7 to a 

20 two-position two port solenoid spool valve 272. Valve 
272 of Fig. 8C is connected to a source 268 in much the 
same manner as valve 208 of Fig. 8A is connected to 
source 268. 

In the operation of the embodiment of Fig. 

35 8C, whenever controller 32' determines that an apnea 
event [having a duration corresponding to a 
predetermined yet variably selectable maximum time 
interval established by the position of switch 100] 
occurs, a high pressure pulse of gas is supplied 

30 through the operation of valve 272 in a manner easily 
understood from the foregoing other embodiments. 

It should be understood that sensing means 
28C of the embodiment of Fig. IC may be used with any 
of the embodiments disclosed herein. Also, each of the 

35 disclosed embodiments may be appropriately modified as 
discussed above to operate in either a spiked pulse or 

f OMPI 



a square pulse mode. Further, it should be understood 
by those skilled in the art that the solenoid operated 
spool valves disclosed herein may be replaced with 
latching solenoid valves, such as the Pneutronics 
Series 11 valve. 
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The embodiments of the invention in which an 
exclusive property or privilege is claimed are defined 
as follows : 



1. An apparatus for sensing negative pressure in an in 
vivo respiratory system and for supplying gas to said 
in vivo respiratory system, said apparatus comprising: 
valve means having a first port selectively 
5 communicable with a second port and a third port; 

a line connecting said in vivo respiratory 
system to said first port of said valve means, said 
line adapted both to transmit to said valve means 
negative pressure indicative of an inspiration in said 
10 in vivo respiratory system and to transmit gas to said 
in vivo respiratory system; 

a source of gas communicating with said 
second port of said valve means; 

means for sensing negative pressure in said 
15 in vivo respiratory system, said sensing means 

communicating with said third port of said valve means; 
and, 

means for controlling said valve means, said 
control means being responsive to said sensing means 

20 for selectively connecting said first' port of said 

valve means to said second port thereof when negative 
pressure is sensed and for maintaining said connection 
for at least a portion of the time duration of said 
negative pressure in said in vivo respirtory system so 

25 that gas may be supplied to said in vivo respiratory 
system, said control means also being adapted to 
reconnect said first port of said valve means to said 
third port thereof after the application of gas to said 
in vivo respirating system. 
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2. An apparatus for sensing negative pressure in an in 
vivo respiratory system and for supplying humidified 
gas to said in vivo respiratory system, said apparatus 
comprising : 

5 valve means having a first port selectively 

communicable with a third port and a second port com- 
municable with a fourth port; 

a line connecting said in vivo respiratory 
system to said first port of said valve means, said 

10 line adapted to both transmit to said valve means 

negative pressure indicative of an inspiration in said 
in vivo respiratory system and to transmit humidified 
gas to said in vivo respiratory system; 

a source of gas communicating with said 

15 second port of said valve means; 

means for sensing negative pressure in said 
in vivo respiratory system, said sensing means 
communicating with said third port of said valve means; 
humidifying means, said humidifying means 

20 having an input port connected to said fourth port of 
said valve means and an output port connected to said 
line connecting said in vivo respiratory system to said 
first port of said valve means; and, 

means for controlling said valve means, said 

25 control means being responsive to said sensing means 
for selectively connecting said fourth port of said 
valve means to said second port thereof when negative 
pressure is sensed and for maintaining said. connection 
for at least a portion of the time duration of said 

30 negative pressure in said in vivo respiratory system so 
that humidified gas may be supplied to said in vivo 
respiratory system, said control means also being 
adapted to reconnect said first port of said valve 
means to said third port thereof after the appliction 

35 of humidified gas to said in vivo respiratory system. 
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3, A method of supplying gas to an in vivo respiratory 
system comprising the steps of: 

predetermining a required minimum delay 
interval between successive applications of said gas to 
5 said in vivo respiratory system; 

connecting said in vivo respiratory system to 
sensing means; 

using said sensing means to sense negative 
pressure at the beginning of inspiration in said in 
10 vivo respiratory system; 

determining if said sensing of negative 
pressure in said in vivo respiratory system occurs 
within said delay interval with respect to a next 
preceeding application of said gas to said in vivo 
15 respiratory system; 

connecting said in vivo respiratory system to 
a supply of gas for a pre-established time duration 
only if said sensing of negative pressure in said in 
vivo respiratory system does not occur within said 
20 delay interval/ said connection facilitating an 

application of said gas to said in vivo respiratory 
system; andr 

reconnecting said in vivo respiratory system 
to said sensing means after an application of said gas 
25 to said in vivo respiratory system. 



4. A method of supplying gas to an in vivo respiratory 
system comprising the steps of: 

predetermining a required minimum delay 
interval between successive applications of said gas to 
5 said in vivo respiratory system; 

using a single hose cannula to connect said 
in vivo respiratory system to a valve means,, said valve 
means being operable to make said in vivo respiratory 
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system selectively communicable with a sensing means 

10 and with a supply of said gas; 

using said sensing means to sense negative 
pressure at the beginning of inspiration in said in 

vivo respiratory system; 

determining if said sensing of negative 
15 pressure in said in vivo respiratory system occurs 
within said delay interval with respect to a next 
preceding application of said gas to said in vivo 

respiratory system; 

operating said valve means to communicate 

20 said in vivo respiratory system with said supply of gas 
for a pre-established time duration only if said 
sensing of negative pressure in said in vivo 
respiratory system does not occur within said delay 
interval, said communication facilitating an 

25 application of said gas to said in vivo respiratory 

system; and, 

operating said valve means to recommunicate 
said in vivo respiratory system with said sensing means 
after an application of said gas to said in vivo 
30 respiratory system. 

5. An apparatus for sensing negative pressure 
indicative of inspiration in an in vivo respiratory 
system and for supplying gas to said in vivo 
respiratory system, said apparatus comprising: 
5 means for sensing negative pressure in said 

in vivo system; 

valve means operable for selectively 

supplying said gas to said in vivo system; 

control means responsive to said sensing 
10 means for operating said valve means so that said gas 
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is supplied to said in vivo system for at least a 

portion of the time duration of an occurrence of sensed 

negative pressure; 

first timer means connected to said sensing 
15 means for determining when a first predetermined time 

interval has elapsed since the last occurrence of 

negative pressure in said in vivo system; and, 

means responsive to said first timer means 

for simulating a nerve associated with an in vivo organ 
20 so that an upper airway passage in said in vivo 

respiratory system is not occluded. 

6. An apparatus for sensing negative pressure 
indicative of an inspiration in an in vivo respiratory 
system and for supplying gas to said in vivo 
respiratory system, said apparatus comprising: 
5 means for sensing negative pressure in said 

in vivo system; 

valve means operable for selectively 
supplying said gas to said in vivo system; 

control means responsive to said sensing 
10 means for operating said valve means so that said gas 
is supplied to said in vivo system for at least a 
portion of the time duration of an occurrence of sensed 
negative pressure; 

first timer means connected to said sensing 
15 means for determing when a first predetermined time 
interval has elapsed since the last occurence of 
negative pressure in said in vivo system; and, 

means responsive to said first timer means 
for dislodging an obstruction in an upper airway 
20 passage, of said in vivo respiratory system by supplying 
a positive pressure pulse of gas to said in vivo 
system. 
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7, A method for supplying gas to an in vivo 
respiratory system and for monitoring the condition of 
said in vivo respiratory system, said method comprising 
the steps of: 

5 sensing negative pressure in said in vivo 

respiratory system; 

using valve means to selectively supply gas 
to said in vivo system; 

controlling the operation of said valve means 
10 so that gas is supplied to said in vivo system for at 
least a portion of the time duration of an occurrence 
of sensed negative pressure; 

determining when a first pre-determined time 
interval has elapsed since the last occurrence of 
15 negative pressure in said in vivo system; and, 

stimulating a nerve associated with an in 
vivo organ upon the detection of the elapse of said 
first pre-determined time . interval so that an upper 
airway passage in said in vivo respiratory system is 
20 not occluded. 

8. A methof for supply gas to an in vivo respiratory 
system and for monitoring the condition of said in vivo 
respiratory system, said method comprising the steps 
of: 

5 sensing occurrences of negative pressure 

insaid in vivo respiratory system; 

using valve means to selectively supply gas 
to said in vivo system; 

controlling the operation. of said valve means 
10 so that gas is supplied to said in vivo system for at 
least a portion of the time duration of an occurrence 
of sensed negative pressure; 
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detecting when a first pre-determined time 
interval has elapsed since the last occurrence of 
15 negative pressure in said in vivo system; and, 

dislodging an obstruction in an upper airway 
passage of said in vivo respiratory system by supplying 
a positive pressure pulse of gas to said upper airway 
passage of said in vivo system. 

9. An apparatus for sensing pressure direction in an 
in vivo respiratory system and for supplying gas to 
said in vivo respiratory system, said apparatus 
fcomrpising: 

5 sensing means for sensing pressure direction 

in said in vivo respiratory system, said sensing means 
comprising: 

a biased fluidic amplifier, said amplifier 
comprising a control port, a first output port, and a 
10 secnd output port, said amplifier being biased so that, 
unless a negative pressure signal is applied at a said 
.control port, a fluidic output signal normally occurs 
at said first output port; 

fluid pressure-to-electric conversin means, 
15 said conversion means having a positive pressure input 
port thereof fluidically connected to said second 
output port of said biased fluidic amplifier for 
receiving a fluidic output signal form said biased 
amplifer and for converting said fluidic signal to an 
20 electrical signal; 

a source of gas to be supplied to said in 
vivo respiratory system; 

valve means responsive to said electrical 
signal of said sensing means for selectively applying 
25 gas to said in vivo respiratory system; 
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means for fluidically communicating said 
source of gas to said valve means; and, 

means for fluidically communicating said 
valve means to said in vivo respiratory system. 
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^. [^noi bSg^^ or indirea means, motion of the chest, circumference of the chest, expansion of the 

c^e^t, JLSce o?t^^^^^^^ direct or indirect means, and expansion of the neck. Preferably, the sensor (24) is proper- 

ly positioned directly with attachment of the collar. 
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Tiivr^i^^i^ mmn OF t^ii^ ihvemtioN 

5 1. v^«^rt of the invontlon - Tlie present invention 

relates generally to niedical devices, and n.ore 
particularly, relates to transcutaneous electrical 
stimulation treatment o£ obstructive sleep apnea. 

2. no^nription ^rior Art - Sleep apnea is 

10 a medical condition which effects a large segment of 
the population. It exists in several forms. Perhaps 
the most dangerous, called central apnea, is associated 
with a lack of central drive to breath or with a 
disruption of the neural pathways from the brain to the 

15 diaphragm muscles. Research has been progressing for 
some time with one mode of treatment being electrical 
stimulation of the phrenetic nerve, thereby controlling 
function of the diaphragm. William W. L. Glenn 
describes the nature of this research in "Diaphragm 

20 pacing: Present Status" in Pace, Volume 1, pages 357 - 
370, July - September 1970. 

A second form of sleep apnea, and of most concern 
to the present invention, is that which obstructs the 
upper air passageways. This condition has numerous 

25 deleterious results including disturbance of the 
patient and sleep partner and loss of effectiveness of 
the sleep process resulting in excessive patient 
fatigue. Long term effects include hypertension and 
cardiac problems. 



The simplest forms of treatment for upper air 
passage obstructive sleep apnea involve mechanical 
constraints. U.S. Patent No. 4,304.227 issued to 
Samelson describes such a device. Various surgical 
techniques arc also employed including tracheostomy. 

Perhaps the most common technique is through the 
use of systems which detect the obstructive condition 
and alert the patient to the problem in some fashion. 
Examples of this type of system include: U.S. Patent 
No. 2,999,232 issued to Wilson; U.S. Patent No. 
3,032,029 issued to Cunningham; U.S. Patent No. 
3,400,010 issued to Crosslcy; U.S. Patent No. 3,593,703 
issued to Gunn et al.; U.S. Patent No. 3,696,377 issued 
to Wall; U.S. Patent No. 3,990.209 issued to Macvaugh; 
U.S. Patent No. 4,220,142 issued to Rosen et al.; and 
U.S. Patent No. 4,593,606 issued to Lloyd et al. These 
devices employ a variety of techniques, but each tends 
to be based upon detection of the condition and 
producing an alarm. Unfortunately, the alarm may rouse 
the patient to the extent that patient's sleep is 
disturbed, thereby exacerbating tl»e very problem caused 
by tl»e apnea episode. 

Recently, research has been conducted which shows 
that the obstruction within the upper air passageway 
may be cleared with electrical stimulation. Two 
articles, herein incorporated by reference, describing 
this research may be found in American Review of 
Respiratory Disease Volume 140, 1909 at pages 1279 
through 1209. The first article is "Effects of 
Electrical Stimulation of. the Genioglossus on Upper 



Airway Resistance in Anesthetized Dogs", by Hiroshi 
Miki et al. The second article is "Effects of 
submental Electrical Stimulation during Sleep on Upper 
Airway Patency in Patients with Obstructive Sleep 
Apnea", also by lliroshi Miki et al. 

U.S. Patent No. 4,030,000 issued to Meer discusses 
an implantable system for treatment of obstructive 
sleep apnea using electrical stimulation. The 
implanted sensor (s) arc used to sense inspiratory 
effort and stimulate the nerves of the upper airway in 
synchrony with the respiration cycle. Because upper 
airway stimulation may not be required for each 
inspiratory effort, Meor proposes an embodiment which 
also senses muscular activity in the upper airway to 
15 inhibit stimulation for certain respiratory cycles. 
However, it is not clear that the added complexity and 
morbidity of an implantable system are justified in the 
absence of evidence that stimulation only, during the 
inspiratory effort is either necessary or sufficient. 
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py^M |vnY OF ".pw 7MVENTION 
The present invention overcomes the disadvantages 
of the prior art systems by providing an external 
device for the effective treatment of obstructive sleep 
apnea using a collar which may be easily and properly 
attached by the patient. The collar senses the onset 
of an apnea episode and automatically applies 
electrical signals which either stimulates the 
patient's muscles to clear the obstruction or 
stimulates a reflexive response of causing the 
patient's muscles to clear the obstruction. Because 
the device is worn externally, it does not require the 
expense and risk associated with an implant procedure. 
Because the electrical stimulation is supplied with 
little sensation, the effectiveness of sleep is 
preserved. 

The collar is readily attachable using hook and 
latch or other suitable fasteners. Means located on 
the collar ensure proper placement of the sensor and 
stimulation electrodes. The positioning means can take 
the form of variations in shape or color of the collar. 
The collar is self contained; and therefore, promotes 
patient compliance through ease of use. It may be made 
in disposable form to ensure case of manufacture. 

A sensor located on or near the collar is used to 
determine the onset of an apnea episode. Proper 
functioning of the respiratory system may be monitored 
directly in the form of air flow, direct or indirect 
blood gas measurements (such as pulse oxygen 
saturation), or indirectly via breath or snoring 



sounds, breath temperature, pressure sensors, thoracic 
impedance, strain gauges, or airway resistance. The 
output of the sensor is conditioned and interpreted, 
and used to determine whenever an apnea event is 

5 initiated. A stimulation signal is generated which is. 
coupled to transcutaneous neuro muscular electrodes. 

^ These^^timulation signals cause the genioglossus and 
related muscle groups to contract thereby clearing the 
upper air passageway. 



p^TEP DEF «^'^TpTTOM nv TlfP. nitAWINCB 

Other objects of the present invention and many of 
the attendant advantages of the present invention will 
be readily appreciated as the same becomes better 
understood by reference to the following detailed 
description when considered in connection with the 
accompanying drawings, in which like reference numerals 
designate like parts throughout the figures thereof and 
wherein: 

FIG. 1 is a plan view of an obstructive sleep 

apnea collar; 

FIG. 2 is an obstructive sleep apnea collar 

showing an alternative positioning means; 

FIG. 3 is an obstructive sleep apnea collar 
showing a second alternative positioning means; 

FIQ. 4 is a frontal view of a patient wearing an 
obstructive sleep apnea collar; 

FIG. 5 is a side view of a patient wearing an 
obstructive sleep apnea collar; 

FIG. 6 is an overall view of the electronic module 
of the obstructive sleep apnea collar; and, 

FIG. 7 is a block diagram of the electronic 
circuit of the obstructive sleep apnea collar. 



prT^TTrr ^^»^nT..TTnH of tiik rwEypnirrn FHnoi>^..^.— . 
FIG. 1 is a plan view of an obstructive sleep 
apnea collar 10 of the present invention. The main 
substrate 12 is of a flexible material suitable for 
wrapping about the patient's neck. Preferably main 
substrate 12 is of a porous woven material which 
permits the collar to "breaUie". Main substrate 12 is 
fastened about the neck of the patient using convenient 
fasteners such as hook 14 and latch 16 (see also FIGS. 
4 and 5). Preferably, hook 14 and latch 16 are 
sufficiently wide to permit adjustment to necks of 

varying sizes. 

It is important that collar 10 be properly 
positioned when attached to the neck of the patient to 
ensure that the components located on main substrate 12 
are properly positioned. In the preferred embodiment, 
this is accomplished with chin notch 10 which 
accommodates the chin of the patient. In this way, the 
patient can easily feel that collar 10 is properly 
positioned. 

sensor 24 is used' to determine the onset of an 
apnea episode. In the preferred embodiment, this is a 
microphone or motion sensor which generates an 
electrical signal corresponding to the presence of 
breath or snoring, sounds. Other sensors which may be 
used include an oximeter to measure the percentage of 
oxygen saturation of the blood, an airflow sensor, an 
airway resistance sensor, a strain gauge, or an 
impedance plethysmograph. Sensor 24 is fixedly mounted 
to main substrate 12 such that when collar 10 is 
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positioned using chin notch 10, sensor 24 is properly 
located for its monitoring function. Sensor 24 is 
electrically coupled to electronic nodule 20 using 
cable 30. Electronic module 20 contains the circuitry 
5 to process the sensor output and generate stimulation 
signals as required. Electronic module 20 is discussed 
in more detail below - 

The electrical stimulation signals generated by 
electronic module 20 are coupled to electrode 26 and 
10 electrode 28 via cable 32 and cable 34, respectively. 
Electrodes 26 and 20 are similar to commercially 
available muscle stimulation electrodes. Each is fixed 
to main substrate 12 such that it will be properly 
located to stimulate the gcnioglossus and related 
15 muscle groups when collar 10 is in position • 



FIO. 2 shows obstructive sleep .pne. collar 11 
employing a rlrst . alternative positioning ~.n.. 

positions over his epiglottis. Collar 11 is 

constructed such that color stripe 19 is located the 
proper distance from hook 13 and latch 15. 
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FIG. 3 is a plan view of obstructive sleep apnea 
collar 21 using a second alternative positioning means. 
Collar 21 employs shoulder notches 27 and 29 which are 
spaced appropriately from hook 23 and latch 25. Unlike 
chin notch 10 (see also FIG. 1), shoulder notches 27 
and 29 are located along the bottom surface of collar 
21. 
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FIG. 4 is a frontal view of patient 100 with 
obstructive sleep apnea collar 10 properly positioned 
for treatment. All other components are as previously 
described* 
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FIG. 5 is a side view of patient 100 with 
obstructive sleep apnea collar 10 in position. Also 
shown. is optional feedback positioning button 102. The 
use of button 102 provides patient 100 with positive 
verification that collar 10" has been properly 
positioned. Button 102 is depressed by patient 100 to 
activate the muscle stimulation signal from electronic 
module 20. If collar 10 is properly positioned, 
patient 100 will notice a contraction of the muscles 
associated with his upper air passageway. 
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ria. « is a schematic view ol electronic »oaule JO 
Showing its ..jor components. Electronic circuit «0 
I, powered by primary battery 10. vulch may or may not 
be included in the collar. Electronic circuit 200 is 
preferably a custom integrated circuit, but more 

probably is a hybrid- 

Electronic circuit 200 may or ra.y not be included 
in the collar and has one input cable 30 from sensor 24 
and two output cables 32 and 34 coupled to electrodes 
26 and 20, respectively (see also FIG. 1). Referring 
again to FIG. 6, input cable 30 terminates at terminals 
112 and 114. Similarly, output cable 32 terminates at 
terminal 108 and output cable 34 terminates at terminal 



110. 
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FIO. 7 is a block diagram of electronic circuit 
200. Each oC the components of electronic circuit 200 
is readily available in commercial form. Cable 30 from 
sensor 24 (see also FIGS. 1 and 6), transfers the 

5 sensor signal via terminals 112 and 114 to In amp 202. 
which provides initial amplification. Bandpass filter 
204 filters the amplified sensor signal to obtain the 
desired pass band. For sensor 24 as a breath or 
snoring activity sensor, for example, the desired 

10 passband of bandpass filter 204 is approximately from 

20 to 200 hertz. 

The filtered signal is presented to full wave 
rectifier 205 and then to integrator 206 which 
integrates the signal over the appropriate time. For 
15 sensor 24 as an audio sensor, one-third of a second is 
an appropriate integration time as determined by reset 
timer 211. The output of integrator 206 is a level 
representing the integrated sensor signal. This level 
is presented to threshold detector 207 having the 
20 threshold value set by threshold adjust 216. This 
ensures that whenever the integrated level exceeds the 
threshold set by threshold adjust 216, a signal is set 
to on-time timer 208 which initiates a ramp signal from 
ramp generator 209 for the duration as set by trigger 

25 adjust 212. 

Stimulation signals are produced by pulse 
generator 210 having an amplitude set by the output of 
ramp generator 209. The amplitude of these pulses is 
set by amplitude adjust 213. The on-set of these 
pulses is slowly ramped up in amplitude by ramp 
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,a„er.tcr 20.. These signals are appropriate to 
stl-ulate contraotion of t..e ,e„io.lossu= and related 
„uecl. groups. The pr.ferrea eti»ulatio„ frequency .s 
30 to 60 puxees per seoonU. 0„-ti.e tl„or 20. ensures 
that the eti.ulatlon burste are at l..»t a 
predetermined .ini.u. duration. As explained above, 
mutton xoz is a single pole/sin,le throw pu.h button 
used to «>nu.lly activate pulse generator 210. This 
manual aotivation permits patient 100 to verify proper 
positioning of collar 10. 

The output of puis, generator 210 is coupled to 
step-up transformer 214 which provides the appropriate 

4.« rir-4vG electrodes 26 and 28 Via 
voltage necessary to drive eiectr 

cables 32 and 34, respectively. 
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Having thus described the preferred embodiments of 
the present invention, those of skill in the art will 
be readily able to apply the teachings found herein to 
yet other embodiments without departing from the scope 
of the claims hereto attached. 

WE CXAIH: 
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1. 



a. 



b. 



An apparatus for treating obstruction of an 
upper air passageway of a patient comprising: 

„eans for sensing the onset of an obstructive 
sleep apnea episode; 

means coupled to said sensing means for 
generating muscle stimulating signals; 
electrode means coupled to said generating 
means for transcutaneous ly transferring said 
„uscle stimulating signals to clear said 
upper air passageway of said patient; and 
means attached to said sensing »eans, said 
generating means, and said electrode means 
for maintaining said sensing means, said 
generating means, and said electrode means in 
proximity with said patient. 



10 

d. 
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2. An apparatus according to claim 1 further 
comprising means coupled to said maintaining means for 
positioning said maintaining means with respect to said 
patient. 

3. An apparatus according to claim 2 wherein 
said maintaining means further comprises a collar. 

4. An apparatus according to claim 3 wherein 
said sensing means further comprises an audio sensor. 

5. An apparatus according to claim 3 wherein 
said sensing means further comprises an activity 
sensor. 

6. An apparatus according to claim 3 wherein 
said sensing means further comprises an oximeter. 

7. An apparatus according to claim 3 wherein 
said sensing means further comprises an air flowmeter. 

8. An apparatus according to claims 2, 3, 4, 5, 
6, or 7 wherein said positioning means further 
comprises a unique shape. 

9. An apparatus according to claims 2, 3, 4, 5, 
6, or 7 wherein said positioning means further 
comprises a unique color. 

10. An apparatus according to claim 0 wherein 
said unique shape further comprises a chin notch. 

11. An apparatus according to claim 0 wherein 
said unique shape further comprises at least one 

shoulder notch. 

12. An apparatus according to claim 0 further 
comprising means coupled to said generating means for 
verifying proper placement of said maintaining means. 
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13. An apparatus according to claim 9 further 
comprising means coupled to said generating means for 
verifying proper placement of said maintaining means. 

14. An apparatus according to claim 10 further 
comprising means coupled to said generating means for 
verifying proper placement of said maintaining means. 

15. An apparatus according to claim 11 further 
comprising means coupled to said generating means for 
verifying proper placement of said maintaining means. 



V7 




1 



2/7. 




CM 
CD 




3/7 




5/7 




7/7 




INTERNATIONAL SEARCH REPORT 

In tefnationat AppUcation No. PCT/US91 /05820 
I. CLASSIF ICATION OF SUBJECT MATTER (it several classtficaUon symbols apply, indicate all) • 
According to Inrernational Patent Classification (IPC) or to both National CtassificaUon and IPC 

IPC (5): A61C 5/14 

U,S, CL: 121/859 ' . . 

U. FIELDS SEARCHED _^ 

Minimum Documentation Searched ' 

Classification System ) Classification Symbols 

U.S. CL: 128/846,848,859,860,724,733,773,774,777; 
340/573,575,626,665,668 

Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched • 



III. DOCUMENTS CONSIDERED TO BE RELEVANT ■ 



Category ^ 



Citation of Document. " with indication, where appropriate, of the relevant passages <2 



Relevant to Claim No. ^3 



X 
Y 

A 

A 

A 

A 

A 



US, A, 4,715,367 (CROSSLEY) 29 December 
1987. See the entire document. 



1-5, 7-8 



US, A, 
1969. 

US, A, 
1984. 

US, A, 
1980. 

US, A, 
1976. 

US, A, 



3,480,010 (CROSSLEY) 25 November 1-15 
See the entire document. 

4,440,160 (FISCHELL ET AL.) 03 April| 1-15 
See the entire document. 

4,220,142 (ROSEN ET AL.) 02 Septembe|r 1-15 
See the entire document. 

3,998,209 (MACVAUGH) 21 December 1-15 
See the entire document. 

4,669,477 (OBER) 02 June 1987 1-15 
See the entire document. 



* special categeriee of cited documents: 

••A" document defining the general state of the art which is not 

considered to be of particular relevance 
-E" eartier document but publlehed on or after the international 

filing date 

"L" document which may throw doubt* on priori^f cla^m(rt^^ 
which is cited to establith the publication date of anothar 
citation or other special reason (as specified) 

"0" document referring to an oral diacloaure. use. exhibition or 
other means 

"P" documant published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the ^""^ 

or priority date and not in conflict with the ■PPj»c««on but 
cited to undersund the principle or theory underlying the 
invention 

"X" document of particular ^I;''?*^ JJi?^^^^^ 

cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y" document of particular relevance; the claimed invention 
SJnnot be coniiderad to involve an *nv«nt«7 »tep when the 
document is combined with one ir'^^i^^^^^JJ}^}^ 
ments. such combination being obvioua to a person alulled 
in the art. 

"A** document member of the eama patent family 



Date of the Actual Completion of the International Search 

13 SE PTEMBER 19 91 

International Searching Authority 

ISA/US 
ftnnPCT/SMIO {BBBond shaeQ (Rm.11-«7) 



Date of Mailing of this International Search Report 

7 OCT 1991 

i^ure of Authociztd OITleer 



PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa] Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
A61M 16/00 



Al 



(11) International Publication Number: WO 99/04841 

(43) International Publication Date: 4 February 1999 (04.02.99) 



(21) International Application Number: PCr/US98/15490 

(22) International Filing Date: 24 July 1998 (24.07.98) 



(30) Priority Data: 
08/900,686 
60/064,578 



25 My 1997 (25.07.97) US 
4 November 1997 (04.1 1.97) US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CIP) to Earlier Application 

US 08/900,686 (CIP) 

Filed on 25 My 1997 (25.07.97) 



(71) Applicant {for all designated States except US): MINNESOTA 

INNOVATIVE TECHNOLOGIES & INSTRUMENTS 
CORPORATION (MITI) [US/US]; 738 Country Lakes 
Drive, Lino Lakes. MN 55014-5488 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SCHMIDT. Matthew, 
F. [US/US]; 738 Country Lake Drive, Lino Lakes, MN 
55014-5488 (US). BUAN, John, S. [US/US]; 15412 64th 
Place North. Maple Grove, MN 55311 (US). NORDMAN, 
Catherine, A. [US/US]; 1875 Selby Avenue, St. Paul. MN 
55104 (US). 



(74) Agent: RAASCH, Kevin, W.; Mueting, Raasch & Gebhardt, 
P.A.. P.O. Box 581415, Minneapolis, MN 55458-1415 
(US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN. CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS. LT, LU. LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ. TM. TR, IT. UA, UG. US, UZ, VN. YU, ZW. ARBPO 
patent (GH. GM, KE, LS. MW. SD. SZ, UG, ZW), Eurasian 
patent (AM. AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI. FR, GB, GR, 
IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF. 
CG. CI. CM, GA, GN. GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: CONTROL DEVICE FOR SUPPLYING SUPPLEMENTAL RESPIRATORY OXYGEN 




(57) Abstract 

Methods and systems for supplying supplemental oxygen to patients for use In sub-acute care which maintain healthy blood oxygen 
content in die patients by controlled dosing of oxygen with a measured response to the patient's actual blood oxygen content are disclosed. 
The dosing can be provided by simple ON/OFF control over the delivery of oxygen or the amount of oxygen delivered to the patient with 
each inhalation can be varied in response to the patient's need as determined by a more sophisticated control scheme, such as a PID loop 
control algorithm, that utilizes the difference between the patient's actual blood oxygen content and a target blood oxygen content and/or 
trends in the blood oxygen content. TTie systems and methods are particularly directed at patients receiving supplemental oxygen in a 
sub-acute caie environment 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Aimenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


' TD 


Chad 


BA 


Bosnia and Herzegovina 


G£ 


Georgia 


MD 


RqNiblic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madngascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Gumea 


MK 


Hie former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Tnrkty 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


XT 


lYinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbeldstan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People*s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Pfederation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WU 9V/U4841 



PCT/US98/15490 



1 



5 CONTROL DEVICE FOR SUPPLYING SUPPLEMENTAL RESPIRATORY OXYGEN 



The present invention relates to the field of supplemental respiratory oxygen 
supply systems and methods. More particularly, the present invention provides 
10 methods and systems that conserve supplemental respiratory oxygen. 



Background 

A large patient community is currently undergoing oxygen therapy at home 
or in long-term care facilities, such as nursing homes. Supplemental respiratory 

15 oxygen has been a widely accepted form of treatment for COPD (chronic obstructive 
pulmonary disease) patients with hypoxemia following the completion of a major 
National Institutes of Health study in 1 980. The Nocturnal Oxygen Therapy Trial 
established the efl&cacy of continuous oxygen therapy in the extension of the life span 
of sufferers of COPD with chronic hypoxemia. 

20 For administration of long-term oxygen therapy it has been common practice 

to deliver the oxygen directly mto the nostrils of the patient through a device known 
as a nasal cannula. The cannula is connected via a supply hose to a source of 
oxygen, such as an oxygen concentrator, liquid oxygen dewar or high pressure gas 
cylinder. The oxygen is delivered continuously to the patient at a rate prescribed by 

25 a physician. 

It has been recognized that continuous oxygta delivery is wasteful of oxygen, 
as a patient needs oxygen only when they are inhaling and the oxygen ddivered at 
other times is wasted. The most significant financial cost associated with this waste 
is found in the increased service visits required by the oxygen provider to replenish 
30 the patients oxygen supply, because the actual cost of the o^gen is only a small 
firaction of the total cost of the therapy. 
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Another problem associated with supplemental oxygen therapy is that the 
physical size and weight of the o>q^gen apparatus can reduce the patient's mobility. 

A number of approaches have been taken to address the problems of waste, 
cost and portability of oxygen therapy. The therapeutic approach that has grown out 
5 of this body of work is typically referred to as "demand delivery." The devices 
respond to a patient's inspiratory eflfort by delivering a predetermined pulse of 
oxygen during the period of inhalation, rather than allow the oxygen to flow to the 
patient continuously. There are many ways in which this basic concept has been 
implemented. 

10 Extensive work has been done on sensors, timing of oxygen release, and 

algorithms for delivery of the oxygen. A variety of methods for sensing the 
respiratory cycle have been used, including pressure sensors that are in fluidic 
communication with the patienfs airway, flow sensors, and chest belts which detect 
the movement of the thorax during respiration. Some systems deliver a small bolus 

15 of oxygen at the beginning of inhalation, while others deliver continuous flow 

throughout inhalation. There has also been work on the frequency of dehvery. For 
example, some systems do not provide oxygen at every breath. 

In spite of the large variety of approaches taken to conserve oxygen supplies 
and/or reduce the size and weight of the oxygen supply equipment, no consensus has 

20 yet been reached as to the most appropriate way to save oxygen and medicate the 
patient adequately. 

The simplest approaches to conserve oxygen involve detection of inhalation 
as a trigger to deliver oxygen. A variety of detection devices were developed in 
pursuit of this basic approach to controlling oxygen supply, including a chest belt 
25 worn by the patient that generates an electrical signal to trigger the opening of the 
oxygen supply valve; a hand-activated breathing device attached to a portable gas 
bottle via a supply hose in which users would dispense the oxygen by pushing a 
button while holding the device next to their mouth; a mechanical chest strap/valve 
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that functions as both an inhalation sensor and delivery device in an oxygen 
conserving system; and an all-pneumatic, fluidicaily*controlled device. 

Another approach uses pressure sensors in the oxygen line to monitor Une 
pressure at the nostrils. A small negative pressure, indicative of the onset of 
5 inhalation, triggers the release of oxygen. This type of detection scheme has become 
the standard method and is employed by most systems currently in use. The systems 
attempt to provide a physiologically equivalent dose of oxygen, when compared to 
continuous flow, by providing a burst of oxygen at the onset of inhalation. By 
providmg more oxygen at the beginning of inhalation, when it is more physiologically 
10 useful, the most efficient of these systems claim to be able to reduce oxygen 
consumption. 

The existing demand delivery devices provide economic benefit in the form of 
oxygen savings (and reduced service visits), but it is often at the expense of the level 
of medical care. In particular, some patients have been found to have deficient levels 

15 of oxygen in their blood as a result of using known demand delivery devices. Certain 
activities, such as exercise and sleep, cause the body's need for oxygen to fluctuate in 
an unpredictable manner. The chronic hypoxemia being corrected by the prescription 
of oxygen therapy is not fiilly ameliorated by these devices. 

Because demand delivery devices and continuous flow systems do not 

20 measure the patient's blood oxygen saturation, they do not respond to a change in 
patient need as would be indicated by a drop in oxygen saturation. The oxygen flow 
in the form of pulses of gas is fixed in some devices, such as the PulseDose by 
DeVilbiss, as it is delivered with every breath. In other devices, such as the 
Oxymatic 301 fi"om Chad Therapeutics, the patient is allowed some adjustability in 

25 the flow by determining the fi-equency of pulses as a function of the number of 

breaths; i.e., one pulse every fourth breath, a pulse every other breath, etc. None of 
these types of demand delivery system is capable of directly addressing fluctuations 
in the blood oxygen level experienced by the user. 
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In fact, while it is generally known that easting modes of oxygen therapy are 
inadequate for most patients at least some of the time (that is, acute periods of 
hypoxia, Sa02<88%, can be seen in virtually all patients for some fraction of each 
day), another problem that is not addressed by the known devices and methods is 
5 that the average COPD patient is receiving more oxygen than needed for a significant 
part of each day. For example, the oxygen patients studied by Decker, et al. (Chest 
1 992) had an SaOi greater than 90% for more than 70% of the time they spent 
breathing room air without any supplemental oxygen. In another study of even 
sicker patients (Sliwinski, et al., European Respiratoiy Journal 1994), SaOa was 

10 greater than 88% for 40% of the time while breathing room air, and greater than 
92% (higher than necessary) for about 70% of the time they were using their 
supplemental oxygen. The lack of methods and/or systems for controlling the upper 
limit of blood oxygen content results in significant amounts of wasted oxygen. 
Devices which control the flow of oxygen based on blood oxygen 

15 measurements from various types of sensors have been described for a variety of 
appUcations. However, none of these devices were meant for residential use by sub- 
acute COPD patients, none had the goal or object of conserving as much oxygen as 
possible while still maintaining a healthy blood oxygen level, and none used a pulsed, 
demand-delivery method for conserving oxygen. 

20 Measurements of blood oxygen saturation can be broken into two groups of 

measurement strategies: invasive and non-invasive. An invasive measurement using 
existing technology requires that blood be drawn from the body and the sample 
placed ui a blood gas analyzer. One common non-invasive blood oxygen sensor is a 
pulse oximeter which relies on the differences in the light absorption curves of 

25 saturated and desaturated hemoglobin in the infixed and near-infrared portions of 
the spectrum. The typical pulse oximeter sensor includes two LED's, one red and 
one infrared. As the light from the two LED's passes through a capillary bed at the 
point of attachment, such as is found on the finger, the light is partially absorbed by 
the blood and tissues and then is detected by a photodetector. The electrical signal 
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generated by the photodetector, which is proportional to the amount of light 
absorbed by the body, is transmitted to the oximeter. The absorption measurements 
can be made rapidly, up to 500 times per second for each LED. Because of the 
pulsatile nature of arterial blood, the absorption as a function of time will vary 
5 slightly at the frequency of the pulse. This allows the oximeter to extract the arterial 
blood oxygen saturation information from background noise caused by absorption in 
tissues located between the LED's and the photodetector. Pulse oximetry is a well- 
accepted technique and can be found in machines used for monitoring patients under 
anesthesia, patients participating in sleep studies and neonatal monitoring. 

10 Some methods and systems for controlling oxygen delivery to patients in 

critical care settings have been disclosed. Some of the systems use feedback loop 
controllers that use the blood oxygen saturation signal, SpOz, from a pulse oximeter 
to control the inspired oxygen fraction (FIO2) in the respiratory gas delivered by a 
mechanical ventilator in which oxygen is mixed with air to supply an accurate 

1 5 amount of oxygen to a patient through a mask or hood. These systems are intended 
for the care of critically ill patients receiving treatment in hospitals for severe 
respiratory distress caused by a chronic condition or accident. 



Summary of the Invention 

20 The present invention provides supplemental respiratory oxygen supply 

methods and systems which maintain healthy blood oxygen saturation in sub-acute 
patients receiving supplemental oxygen by controlling the dosing of oxygen with a 
measured response to the patient's actual blood oxygen saturation levels. This 
closed-loop control of oxygen flow for COPD patients provides for both healthy 

25 blood oxygen levels and significant oxygen conservation by reducing or preventing 
the delivery of supplemental respiratory oxygen during those times when the patient 
has a desired blood oxygen level. 

In one aspect, the present invention provides a method of controlling 
supplemental oxygen delivery during sub-acute care by continuously measuring 
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blood oxygen content of a patient to obtain a measured blood oxygen content level; 
delivering supplemental oxygen from an oxygen source to the patient when the 
patient is inhaling if the measured blood oxygen content level is below a desired 
value; and restricting the delivery of supplemental oxygen if the measured blood 
5 oxygen content level of the patient is above the desired value. 

In another aspect, the present invention provides a method of controlling 
supplemental oxygen delivery for sub-acute care by continuously measuring blood 
oxygen content of a patient to obtain a measured blood oxygen content level; sensing 
variations in respiration of the patient to determine when the patient is inhaling; 

1 0 delivering supplemental oxygen from an oxygen source to the patient through a 
supplemental oxygen delivery device when the patient is inhaling if the measured 
blood oxygen content level is below a desired value; and restricting the delivery of 
supplemental oxygen to the patient through the supplemental oxygen delivery device 
if the measured blood oxygen content level of the patient is above the desired value, 

15 In another aspect, the present invention provides a method of controlling 

supplemental oxygen delivery for sub-acute care by continuously measuring blood 
oxygen content of a patient to obtain a measured blood oxygen content level; 
delivering a variable dose of supplemental oxygen from an oxygen source to the 
patient when the patient is inhaling, wherein the variable dose is at least partially 

20 determined based on the measured blood oxygen contrat level. 

In another aspect, the present invention provides a method of controlling 
supplemental oxygen delivery for sub-acute care by continuously measuring blood 
oxygen content of a patient to obtain a measured blood oxygen content level; sensing 
variations in respiration of the patient to determine when the patient is inhaling; 

25 delivering a variable dose of supplemental oxygen from an oxygen source to the 
patient through a supplemental oxygen delivery device when the patient is inhaling, 
wherein the variable dose of supplemental oxygen is at least partially based on a 
difference between the desired value for the measured blood oxygen content level 
and the measured blood oxygen content level. 
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In another aspect, the present invention provides a method of sensing 
variations in respiration of a patient by providing a flow sensor in fluid 
communication with the respiratory flow of a patient; monitoring the flow sensor to 
determine when the patient is inspiring air; and monitoring the flow sensor to 
5 determine when the patient is e?q)iring air. 

In another aspect, the present invention provides a demand delivery method 
for controlling the delivery of oxygen to a patient by providing a flow sensor in fluid 
communication with the respiratory flow of a patient; monitoring the flow sensor to 
determine when the patient is inhaling; delivering oxygen to the patient when the 
10 patient is inhaling; monitoring the flow sensor to determine when the patient is 
exhaling; restricting delivery of oxygen to the patient when the patient is exhaling. 

In another aspect, the present invention provides a system for delivering 
supplemental oxygen for sub-acute care, the system including a blood oxygen 
content level sensor; a source of supplemental oxygen; a valve in fluid 
1 5 communication with the source of supplemental oxygen; and a controller capable of 
operating the valve, the controller restricting flow through the valve when the blood 
oxygen content level measured by the blood oxygen content level sensor is above a 
desired value. 

In another aspect, the present invention provides a system for controlling 
20 supplemental oxygen delivery including means for measuring blood oxygen content 
level of a patient; means for delivering supplemental oxygen fi"om an oxygen source 
to the patient when the patient is inhaling if the measured blood oxygen content level 
is below a desired level; and means for restricting the delivery of supplemental 
oxygen firom the oxygen source to the patient if the measured blood oxygen content 
25 of the patient is above a desu^ed level. 

In another aspect, the present invention provides a system for controlling 
supplemental oxygen delivery including means for measuring blood oxygen content 
level of a patient; and means for delivering a variable dose of supplemental oxygen 
firom an oxygen source to the patient when the patient is inhaling, wherein the 
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variable dose is at least partially determined based on the measured blood oxygen 
content. 

As used in connection with the present invention, the terms "supplemental 
oxygen" and "supplemental respiratory oxygen" refer to oxygen delivered to patients 
in addition to the oxygen received by the patient through the inspiration of room or 
ambient air. Because room air contains some oxygen, the supplemental oxygen is 
5 provided in addition to the oxygen that would normally be inspired by the patient. 

As used in connection with the present invention, the term "blood oxygen 
content" and "blood 03«ygen content level" will typically be used to refer to blood 
oxygen saturation as commonly measured by the percentage of oxygen-saturated 
hemoglobin (Sp02) although it can also refer to any suitable measurement for 

10 determining the level of oxygenation in a patient's blood. For example, it will be 
understood that blood oxygen content can also be obtained based on data from a 
CO-oximeter. Furthermore, blood oxygen content, can also be obtained based on 
partial pressures of oxygen (PaOz). 

As used in connection with the present invention, the term "sub-acute care" 

1 5 refers to care provided to patients that is not intended to treat critical conditions. 
Typically, sub-acute care is provided to patients in residential settings. "Residential" 
preferably includes, e.g., homes and long-term care faciUties (such as nursing homes). 
Sub-acute care also includes care delivered in ambulatory situations, i.e., when the 
patient is engaged in normal activities outside of his or her residence, such as 

20 shopping, attending concerts or other events, traveling to appointments with health 
care professionals, etc. 

As used in connection with the present invention, the terms "continuous" and 
"continuously" (when referring to the measuring of blood oxygen content levels) 
mean that the blood o^q^gen content level of the patient will be measured without 

25 cessation or at intervals (fixed or variable) that are sufficiently small to provide the 
advantages of the invention. 
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These and other features and advantages of the present invention will be 
apparent upon review of the detailed description of the invention and accompanying 
drawings. 

5 Brief Description of the Drawings 

FIGURE 1 is a block diagram of one system according to the present 
invention. 

FIGURE 2 is a block diagram of one demand delivery module for use in a 
system such as that depicted in Figure 1 . 
10 FIGURE 3a is a flow diagram of one method according to the present 

invention. 

FIGURE 3b is a flow diagram of another method according to the present 
mvention. 

FIGURE 4 is a flow diagram of one method of delivering supplemental 
15 oxygen based on whether the measured blood oxygen content data is valid or invalid. 

Detailed Description of Illustrative Embodiments of the Invention 

As described above, the present invention provides demand respirating 
oxygen supply methods and apparatus for use in sub-acute care which maintain 

20 healthy blood oxygen saturation in patients by controlled dosing of o^gen with a 
measured response to the patient's actual blood oxygen content. The dosmg can be 
provided by simple on/oflF control over the delivery of oxygen or the amount of 
oxygen delivered to the patient with each inhalation can be varied in response to the 
patient's need as determined by a more sophisticated control scheme, such as a 

25 proportional-integral-derivative (PID) loop control algorithm, that utilizes the 

difference between the patient's measured blood o^gen content level and a desired 
or target blood oxygen content level. 

The systems and methods of the present invention are particularly directed at 
patients receiving supplemental o?jygen in a sub-acute care environment, more 
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preferably in a residential setting. The needs and considerations of patients receiving 
supplemental oxygen in sub-acute care differ from those present when providing 
o^Q^gen to patients in critical care environments, in which the amounts of oxygen 
delivered to patients are carefully controlled in connection with masks or other 
5 enclosures that do not typically allow the patents to inspire room air in uncontrolled 
manners. In those situations, the fractional amount of inspired oxygen (FIO2) is 
typically controlled by mixing oxygen and air in a blender or other device before 
delivering the gas to the patient. 

Among the advantages of the present invention are the significant 

1 0 conservation of oxygen provided by delivering only the amount of oxygen needed to 
maintain a healthy blood oxygen content and the ability to address therapeutic 
problems associated with demand delivery systems by providing the correct amount 
of oxygen to the patient to reduce imcontroUed hypoxic events. 

The amoimts of oxygen that can be conserved by implementing the methods 

1 5 accordmg to the present invention can be significant, even compared to known 

demand delivery systems that conserve oxygen by simply turning the supply on or off 
during a patient's respiration. Studies have reported oxygen savings ratios of from 
3 : 1 to 7: 1 for known simple demand delivery systems. In other words, a fixed 
amoimt of oxygen can last three to seven times as long as the same amount of 

20 oxygen would last in a supplemental oxygen delivery system that does not include a 
simple demand delivery system. Implementation of the methods according to the 
present invention by using a demand delivery approach with a feedback control 
mechanism that responds to a continuous blood oxygenation measurement could 
provide an oxygen savings ratio of greater than 13:1 while maintaining the patient's 

25 Sa02 at the 90% level. 

Other advantages of the methods and apparatus according to the present 
invention are the ability to integrate the invention with any sub-acute care 
supplemental oxygen supply system, including both ambulatory and stationary 
sources. For unlimited volume sources, such as oxygen concentrators and membrane 
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separators, the invention will reduce their size and energy consumption for a given 
level of therapy. For fixed volume gas sources, such as liquid and high pressure gas, 
the invention will extend the lifetime of the oxygen supply, thereby significantly 
decreasing the cost of providing that treatment. 
5 If the system is ambulatory, the present invention can allow for reductions in 

the size and weight of the oxygen source, thereby increasing the patient's mobility. 
An added benefit of reducing the size and/or weight of the ambulatory systems is the 
potential for a better therapeutic outcome. If patients find the smaller, lighter weight 
systems less cosmetically unattractive they will be more likely to carry and use the 

10 systems during ambulatory activities as opposed to not using the systems. Studies 
have shown that the benefit of supplemental oxygen systems is significantly reduced 
if the systems are not used on a regular basis. 

Another advantage of the invention, method and apparatus, is a reduction in 
the risk of hypercapnia (carbon dioxide retention) by only providing enough oxygen 

15 to reach a predetermined blood oxygen saturation, typically about 90% as measured 
by a conventional two-color pulse oximeter. 

One embodiment of an automated respiratory oxygen supply system is 
depicted in Figure 1 and includes a controller 10, a demand delivery module 12, and 
a blood oxygen content sensor 14 connected to the patient 16. 0>Qrgen is supphed 

20 fi"om an oxygen source 20 to the patient 16 by the demand delivery module 12 
through, in the preferred embodiments, a supplemental oxygen delivery device 18. 
The preferred system may also include a user interface 32 and an alarm 38. 

The supplemental oxygen delivery device 18 is preferably a nasal cannula as 
depicted in Figure 1, although it will be understood that the supplemental oxygen 

25 delivery device can take the form of any device designed to provide supplemental 
respiratory oxygen to a patient while not preventing the patient firom also mspiring 
room or ambient air in addition to the supplemental respiratory oxygen fi-om an 
oxygen source. Examples of other supplemental oxygen delivery devices include, but 
are not limited to: tracheal catheters, nasal masks designed for use with Continuous 
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Positive Airway Pressure (CPAP) systems, vented masks that cover both the nose 
and the mouth but that allow inspiration of room air in xincontroUed amounts in 
addition to the supplemental oxygen delivered to the mask, etc. 

Oxygen source 20 could be an oxygen concentrator, membrane separator, 
5 high pressure cylinder or liquid oxygen dewar. This could also include any portable 
versions of oxygen sources 20. Other potential sources of oxygen gas suitable for 
providing supplemental oxygen in sub-acute care in a residential setting 
and/ambulatory situations may be created in the future and should be considered as 
being functional with the described invention. As used below, "Une" will refer to any 

10 connection made between the oxygen source, the described invention and the patient. 
If the oxygen source 20 is an oxygen concentrator, typically a continuous 
low-flow device, usually delivering at most 6 liters/min of 96% oxygen, the system 
may also include an oxygen storage device to accommodate the periodic higher flows 
that are necessary to practice the methods described below. If high flow 

15 concentrators become available, such a storage device would not be needed. 

One controller 10 is an electronic circuit including a software programmable 
microcontroller as its main component. Depending on the allocation of tasks within 
the device a number of microcontrollers could be used as a controller 10. In one 
embodiment, the controller 10 includes a serial data input port, A/D converter, LED 

20 driver capabilities and digital I/O pins. One example of a suitable controller is the 
PIC 16C74A microcontroller from Microchip Technology Inc. of Chandler, Arizona. 

Those skilled in the art will realize that a great deal of optimization may be 
done relative to the choice of a microcontroller(s). Specifications, such as power 
consumption, cost, memory size, clock speed and part availability may alter the 

25 choice for a preferred microcontroller. Furthermore, many of the fimctions described 
for the microcontroller in the preferred embodiment could be accomplished by using 
discrete circuits of many types. Additionally, the microcontroller and its peripheral 
cu-cuitry may be replaced entirely by discrete circuitry, such as programmable logic 
arrays, A/D converter chips, analog comparators, etc. 
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The system also includes an oxygen content sensor 14 for monitoring the 
blood oxygen content of the patient 16. One suitable sensor 14 includes a sensor 
control module 14a and a sensor 14b typically mounted or attached to the patient 16 
by some suitable technique. The information from the oxygen content sensor 14 is 
5 fed back to the controller 10 for use in executing the methods according to the 
present invention. It is preferred, but not required, that the oxygen sensor 14 
^ provide a signal to the system controller 1 0 in the form of a blood oxygen saturation 
in percent. The sensor 14 preferably, but not necessarily, processes all of its data 
internally and the controller 10 preferably processes only error flags and numerical 

10 information as described shortly. 

One preferred oxygen sensor 14 is a non-invasive sensor such as a two-color 
pulse oximeter. As used herein, the terms "pulse oximeter" or "oxygen sensor" will 
include both the optical sensor and the circuitry used to detemodne blood oxygen 
saturation levels using the optical sensor. One example of a suitable pulse oximeter 

15 is a conventional two-color, OEM-II oximeter module, from Nonin Medical Inc. of 
Plymouth, MN, that can measure the percentage of oxygen-saturated hemoglobin, 
Sp02, in the blood stream of an in vivo respiratory system. The preferred 
embodiment of the pulse oximeter 14 uses a transmitting sensor that attaches to the 
user*s froger. Alternative embodiments may employ sensors that attach elsewhere on 

20 the body. 

While the pulse oximeter is one preferred non-invasive oxygen sensor, it 
should be understood that any blood oxygen sensor, invasive or non-invasive, useful 
for determining blood oxygen content levels (preferably continuously) could be used 
in connection with the present invention. It should also be apparent to those skilled 
25 in the art that technologies on the horizon, such as an implantable, micro- 
. electromechanical (MEMS) blood gas analyzer, may provide the blood oxygen 
content information needed by the system controller 10. Furthermore, there may be 
improvements in pulse oximetry technology, such as the ability to determine the level 
of carboxyhemoglobin in the blood, that may be usefiil for the described invention. 
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Use of these new blood oxygen content technologies in oxygen conservers for long- 
term oxygen therapy should be considered to lie within the scope of the systems and 
methods of the present invention provided they have the ability to provide suitable 
blood oxygen content measurements. 
5 In one embodiment, the pulse oxhneter 14 deconvolves the optical 

information into a blood oxygen saturation value, Sp02, in percent. The oximeter 14 
outputs a serial data stream with this information to the controller 10 for evaluation. 
Other important information may also be included in the oximeter data stream, such 
as the user's pulse rate and error flags that detail the reliability of the SpOa and pulse 
10 rate values. 

It will be recognized by those skilled in the art that an alternative embodiment 
may be provided in which the system controller 10 functions as the sensor control 
module 14a. As a result, data evaluation and error handling would be accomplished 
within the system controller 10 with an appropriate oxygen sensor 14b being 

1 5 attached to the patient 16. 

Blood oxygen content measuring in connection with the present invention is 
described as "continuous" although it will be imderstood that the measurements 
made using, e.g., pulse oximeters and other devices, may actually be taken at discrete 
intervals. As discussed above, "continuous" as used in connection with the 

20 measuring of blood oxygen content in the present invention includes measurement of 
the blood oxygen content levels of the patient at intervals (fixed or variable) that are 
sufl&ciently small to provide the advantages of the invention. Preferably the sampling 
intervals will be less than about five minutes, more preferably less than about one 
minute, and even more preferably less than about one respiration interval (i.e., the 

25 time between the onset of two inhalations by the patient). 

The information relating to blood oxygen content provided by the oxygen 
sensor 16 is then used by the system controller 10 in combination with the demand 
delivery module 12 to provide control over the oxygen supplied to the patient 16 
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from the oxygen source 20 as described in connection with the methods according to 

the present invention below. 

A block diagram illustrating the components of one embodiment of a demand 

delivery modiile 12 according to the present invention is depicted in Figure 2. One 
5 component in the demand delivery module 12 is an inhalation or respiration sensor 

40 that monitors the respiratory activity of the patient 16 to determine variations in 

respiration of the patient. It is preferred that the variations in respiration allow the 

determination of when the patient is inhaling, although other portions of the 

respiratory cycle may actually be sensed. In other words, inhalation is preferably 
1 0 sensed, but in some cases it may be desirable to determine when mhalation is 

occurring based on the sensing of some other condition, activity, etc. such as chest 

movement, exhalation, etc. 

In one embodiment, the respiration sensor 40 provides a signal to a 

respiration sensor/valve controller 42 that, in turn, controls the valve 26 based on 
IS additional input from system controller 10 (as will be described in more detail 

below). 

The respiration sensor 40 can take a variety of forms that will be known to 
those skilled in the art. One type of suitable respiration sensor 40 monitors flow in 
the line used to supply oxygen to the supplemental oxygen delivery device 1 8. The 

20 sensor 40 in Figure 2 monitors flow through the valve 26 interposed in the line 

between the supplemental oxygen delivery device 18 and the oxygen source 20. One 
suitable flow sensor is a Honeywell AWM2150 Microbridge Mass Airflow Sensor 
(available from Honeywell Corp., Miimeapolis, Miimesota). 

Another feature of the preferred respiration sensor 40 is the ability to sense 

25 bidirectional flow, i.e., flow in each direction through the sensor 40. It is preferred 
that the flow generated by inhaling causes a voltage output of one polarity from the 
sensor 40, while flow generated by exhaling causes an output voltage of the opposite 
polarity. In any event, it is preferred that the sensor 40 be capable of detecting both 
inspiration and expiratioa 
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In addition to the preferred flow sensor, it should be understood that other 
types of sensors may be utilized to detect variations in respiration, preferably 
inhalation and exhalation. Those skilled m the art will recognize that pressure 
transducers, thermistors or infrared detectors may all be used to sense inhalation. In 
5 one example, a pressure transducer with the appropriate sensitivity, such as a solid- 
state piezoresistive, capacitive or electromechanical device, could be used to 
generate an electrical signal in response to the breathing cycle. In another example, 
thermistors could be used to detect changes in airflow due to respiration. If the 
thermistor was sufficiently sensitive, one may be able to ascertain the onset of 

10 inhalation by monitoring the temperature of a thermistor (or thermocouple) placed 
near the nostril. A flow measurement may also be possible with the use of two 
thermistors in an anemometer configuration. Infrared detectors, such as single 
element bolometers, could be used as well if they possess the speed and accuracy to 
distinguish variations in respiration. 

15 The respiration sensor 40 provides a signal to the respiration sensorA^alve 

controller 42 which compares the signal to a predetermined reference level. The 
respiration sensor/valve controUer 42 identifies the onset of inhalation by triggering 
when the sensor signal reaches the predetermmed reference level. The respiration 
sensorAralve controller 42 then provides a signal to position the spool of valve 26 so 

20 oxygen flows from supply 20 to patient 16 via supplemental oxygen delivery device 
18. The spool of the valve 26 remains in this position for a period of time, the "dose 
time" (D), as specified by the system controller 10. In this manner, a dose of oxygen 
of duration D can be provided when the patient is inhaling. 

One preferred valve 26 of the embodiment of Figure 2 is a three-way, two- 

25 position, solenoid-actuated spool valve having three ports 26a, 26b, 26c. Common 
port 26a is connected to the in vivo respiratory system of the patient 16 by the 
supplemental oxygen delivery device 18. Normally closed port 26b is connected to 
the oxygen source 20 and normally open port 26c is connected to respiration sensor 
40 (with the other end of the preferred respiration sensor left open to atmosphere). 
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One preferred valve 26 is manufactured by The Lee Company, of Westbrook, 
Connecticut, Model HDI LHDA0523111H. 

When oxygen is not being supplied to the patient 16, the spool of the valve 
26 is positioned such that common port 26a and normally open port 26c are. 
S connected so that the respiration sensor 40, supplemental oxygen delivery device 18, 
and patient 16 are in fluid communication, corresponding to the OFF position of the 
valve 26. This allows the respiratory effort of the patient 16 to be detected by the 
respiration sensor 40, through the monitoring of the flow generated in the 
supplemental oxygen delivery device 18 by inspiratory and expiratory efforts. 
10 To supply oxygen to the patient 16, the spool of the valve 26 is moved so as 

to cormect common port 26a and normally closed port 26b, corresponding to the ON 
position of the valve 26, This, in turn, allows for flow of respiratory oxygen to the 
patient 16 from supply 20 through the valve 26 and the supplemental oxygen delivery 
device 18. 

15 The ON period for the valve 26, corresponding to the dosage period as 

discussed below, is preferably shorter than the inhalation period for the patient. As a 
result, the patient may often be inhaling after the valve 26 is OFF (i.e., closed). To 
reduce or prevent multiple openings of the valve 26 during a single inhalation, it is 
preferred that the valve 26 remain closed until the sensor 40 detects the onset of 

20 exhalation. Once exhalation is detected based on the sensor 40, the system can then 
resume monitoring for the onset of inhalation, whereupon the cycle is repeated. 

Because the preferred valve 26 is a 3-port valve, there is a short period after 
opening or closing the valve 26, (the "bounce period") where the sensor output 
voltage spikes or bounces due to oxygen leaking from the normally closed port 26b 

25 to the normally open port 26c while the valve spool is still moving. Once the valve 
26 is ftilly ON or OFF and the valve spool has stopped moving, the boxmce sigiuil 
disappears. It is preferred that monitoring of the respiration sensor 40 be adjusted to 
avoid false readings due to the bounce signal after turning the valve 26 ON or OFF. 
This adjustment can take the form of a delay in monitoring the signal provided by the 
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sensor 40 after moving the valve 26 between the ON and OFF positions until the 
boxince signal has passed. 

In some systems, the bounce signal may be monitored and used 
advantageously. The bounce signal (whether generated during ON or OFF 
5 movement of the valve spool) may be used to detect the presence of oxygen at the 
supply 20. No bounce signal may indicate that no oxygen is present because of the 
lack of pressurized oxygen at normally closed port 26b. In the preferred 
embodiment, the bounce signal generated by turning the valve 26 to the OFF position 
(i.e., closing port 26b) is used for this check because that bounce signal is typically 

10 larger and longer in duration than the bounce signal generated by turning the valve 
26 to the ON position (i.e., opening port 26b). 

Another advantage of the 3 -port valve 26 is that sensor's zero-flow offset 
voltage can be checked while the valve 26 is in the ON position. The measured 
sensor offset voltage signal (Vo) can be used to generate a correction for drift in the 

1 5 sensor oflfset voltage. After the valve 26 has been ON longer than the valve-ON 

boimce period, the signal fi*om the respiration sensor 40 can be read and recorded for 
use in, e.g., a software-generated correction for zero-flow sensor offset voltage. 
This sensor offset voltage signal is obtained fi'om the respiration sensor 40 when the 
valve 26 is ON because no flow is to be expected through the respiration sensor 40 

20 tmder those conditions (port 26c is closed). In addition, if this offset readmg is 

greater (in absolute value) than a predefined upper limit (VoMAX), this can be used 
to indicate either sensor 40 or valve 26 failure; e.g., the sensor 40 has drifted too far 
out of specification, the valve 26 is leaking, the valve 26 is stuck in the OFF position, 
etc. 

2S The demand delivery module 12 described above is a subsystem that 

communicates to and receives communication fi-om system controller 10. In the 
described methods, it receives continually updated values of the dose time D. It will 
be imderstood, however, that those skilled in the art could design a demand delivery 
module 12 which is more or less dependent on the system controller 10 than is 
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described in this embodiment. For example, it may be desirable to construct a system 
where respiration sensor 40 provides a signal directly to the system controller 10 
with no separate respiration sensor/valve controller 42 being provided. The 
controller 10 would then provide a control signal to valve 26 directly as well as 
5 perform the other operations that are described as being performed by the respiration 
sensor/valve controller 42. 

Moreover, it should be understood that alternative designs for the 
connections of the valve 26, respiration sensor 40, oxygen source 20, and patient 16 
may be envisioned by the those skilled in the art. It would be possible to design a 

10 system in which an in-line flow sensor and/or three-port, two-way valve are not 

required. For example, the designs may involve a plurality of valves and sensors. It 
should be xmderstood that the methods and systems of the described device operate 
independently from the specific configuration of hardware used for sensing variations 
in respiration and the specific valve configuration used to control the flow of oxygen. 

15 Although the deniand delivery module 12 described above is used to control 

delivery of supplemental oxygen to a patient fi'om the source 20, the demand delivery 
module 12 and the methods of operating it as described above could find wider 
application. For example, they could be used in connection with critical care systems 
in which Fi02 is to be controlled via the use of masks or other delivery devices used 

20 in connection with, e.g., respirators, ventilators, BIPAP (Bilevel Positive Airway 
Pressure) systems, etc. As a result, the demand delivery module and methods of 
operating it are not to be limited to use in connection with systems and methods of 
delivering supplemental oxygen as part of a sub-acute care regime. 

As long as the data stream fi"om the blood oxygen content sensor 14 is valid 

25 (as described in detail below), the controller 10 can use the data to control delivery 
of oxygen to the patient. The feedback control can be implemented as a portion of 
software code contained in the controller 10; however, it could alternatively be a 
hard-wired controller or combination of hardware and software in other 
embodiments. 
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There exist a variety of control methods that are of utility in the present 
method and invention. The goal of any control method is stable operation of the 
controlled system about a setpoint or desired value. In the preferred embodiment, 
the desired value is a blood oxygen saturation (SpOz) of 90%. One control 
5 algorithm, the ON/OFF method, is diagrammed in Figure 3 a. This diagram assumes 
that the data generated by the blood oxygen content sensor is valid (validity and 
invalidity of that data is discussed in more detail below). 

The system measures the patient's blood oxygen content level 100. With that 
information, a decision 102 is made. When the measured blood oxygen content level 

10 is not below the desired value no oxygen is delivered 104. When the measured blood 
oxygen content level is below the desired value, oxygen is delivered 106. For 
example, when the measured blood oxygen content level is not below the desired 
value, controller 10 sets a dose time of zero (D=0), thereby preventing the delivery 
of supplemental oxygen. Alternatively, the system may otherwise restrict the flow of 

15 oxygen by, e.g., reducing its flow to a very low value in an attempt to conserve the 
supplemental oxygen source. The reduction in flow can be accomplished using a 
variable flow valve or by introducing a flow restrictor into the system between the 
source 20 and the patient 1 6. When the measured blood oxygen content falls below 
the desired value, controller 10 delivers supplemental oxygen to the patient 16 by, 

20 e.g., setting a non-zero value (D>0) for the dose time or otherwise increasing the 
flow of oxygen to the patient. 

As long as the measured blood oxygen content level remains below the 
desired value, the system provides oxygen when the patient is inhaling. In one 
relatively simple implementation, the "ON*' dose time D could be very long. 

25 Preferably, however, the dose time is equal to or shorter than a typical inhalation 
period, in which case one or more pulses of duration D of oxygen are delivered 
during inhalation. This ON/OFF control approach is analogous to the operation of a 
fiimace using a mercury switch thermostat, i.e., oxygen delivery is either ON or OFF. 
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The feedback control algorithm may alternatively use a Proportional-Integral- 
Derivative (PDD) loop as illustrated in Figure 3b. Other embodiments could use 
algorithms based on fuzzy logic, look-up tables, P or PI loops or 
increment/decrement methods (oxygen delivery that increases or decreases in a 
5 preprogrammed fashion relative to setpoint and/or trend). The PID algorithm is 
fundamentally different from the simple ON/OFF control algorithm in that it uses 
both the current value of the blood oxygen content and also trend information to 
determine whether the patient needs supplemental oxygen and, if so, how much 
oxygen should be delivered when the patient is inhaling. Because of the use of trend 

10 information, a system controlled with a PID loop will, at times, deliver oxygen to the 
patient even if their blood oxygen content is above the desired value; or, at other 
times, it may not deliver oxygen even if they are below the desired value. An 
example of when this might occur is when the patient's blood oxygen content was 
above the desired value, but was also dropping very quickly. In this case, the PID 

15 loop would start o^gen delivery before the blood oxygen content actually fell below 
the desired value. (The ON/OFF method would not start oxygen delivery imtil after 
the blood oxygen content was below the desired value). This may allow a PID 
control method to more effectively reduce the fluctuations of the blood oxygen 
content about the desired value. 

20 A simplified flow diagram of one such PID control system is illustrated in 

Figure 3b where the data stream of the measured blood oxygen content level sensor 
is assumed to be valid (validity/invalidity of that data is discussed in more detail 
below). The system measures the patient's blood oxygen content level 110. The 
current information is compared with earlier data 1 12 to determine how much 

25 oxygen (i.e., a variable dose), based on the parameters of the PID loop 1 14, should 
be delivered to the patient 1 16. In some instances, the parameters of the PID loop 
indicate that no oxygen is to be delivered 118, and in other instances some variable 
dose of oxygen will be delivered based on the parameters of the PID loop. 
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The preferred systems for implementing the methods of the present invention 
use a digital controller. As a result, discretization of the following continuous-time 
PID control equation must be performed: 

5 D(t) = Kp*[e(t) + (l/Ti)*Je(t')dt' + (Td)*de/dt] (1) 

where D(t) is the oxygen dose time at lime /, Kp is the loop proportional gain, Ti is 
the integral time, Ta is the derivative time, and where the integral is integrated over 
the range of from zero to /. The preferred embodiment utilizes a first order 
10 discretization of the continuous time PID equation. This can be seen in Equation 2, 

D(g = D(tn.i) + Aoe(t„) + Aie(t„.i) + A2e(t„.2) (2) 

where D(tn) is the control signal (oxygen dose time) generated for time period tn, 
15 e(tft) is the difference between the desired level of blood oxygen saturation (the 
setpoint) and the measured level at time tn. The coefficients, Ao, Ai, and A2 are 



given by Equations 3-5 below: 

Ao= VO+to/ti + Wtn) (3) 

Ai = .Kp*(l+2*t„/tn) (4) 

20 A2= Kp*(td/t„) (5) 



where Kp is the loop proportional gain, U is the integral time, U is the derivative time 
and tn is the period of the measuremesnt (one second if using the preferred oximeter). 
As mentioned, the quantity e(t„) is the diiBFerence between the Sp02 value at 
25 time tn and the desired value. In one embodiment, a fixed setpoint of SpO2=90% is 
used for the desired value. The control algorithm will specify doses of oxygen in 
order to maintain the blood oxygen saturation at this level. It is thought that this 
saturation level may provide the necessary correction to the patient's hypoxemia, 
while at the same time conserving the greatest amount of oxygen. It should be 
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apparent to those skilled in the art that the desired value (setpoint) can be changed to 
. achieve different therapeutic and economic goals. 

Moreover, a system that uses additional physiological parameters, such as 
pulse rate or respiratory rate, in addition to blood oxygen content as determined by 
5 the oxygen sensor to determine a target blood oxygen level (setpoint) that changes 
on a rolling basis could also be implemented. For example, one may use the heart 
rate to monitor the patient's activity level and therefore anticipate increased or 
decreased need of oxygen and adjust the setpoint accordingly. Such schemes would 
be seeking to ameliorate the possible increased/decreased hypoxemia caused by a 

10 change in physical activity level. Such changes to the setpoint should be considered 
to be within the spirit and scope of the present invention. 

Referring now to Equations 3-5 above, the transfer function coefficients Ao, 
Ai and A2 are determined by the settings of loop proportional gain Kp, the integral 
time ti, the derivative time U and the time between data points tn. The determination 

1 5 of these values will typically be accomplished through clinical monitoring of COPD 
patients while the system is in use. The specific values of these loop parameters will 
depend on design goals such as loop stability, overshoot, time-to- achieve-control, 
and accuracy. Methods for obtaining values which provide for effective operation of 
the control loop will be known to those skilled in the art. 

20 In one method, the control signal D(Q is the dose time needed to maintain 

the blood oxygen level at the desired value. The dose time signal is provided by 
controller 10 to respiration sensor/valve controller 42. It is the duration of time that 
valve 26 will be held in the ON or open position which permits oxygen to pass from 
supply 20 to patient 16 (via the supplemental oxygen delivery device 18 illustrated in 

25 Figures 1 and 2). A dose of oxygen of duration D(t„) is provided during inhalation 
(as indicated by respiration sensor 40 and sensor and valve controller 42, described 
previously). 

It should be understood that other methods besides varying the dose time 
could also be employed to control the patient's blood oxygen content. For example, 
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a system which includes a variable-flow valve (as opposed to the preferred 
open/closed valve) could be constructed. In such a system, the controller 10 could 
specify the oxygen flow level. The specified flow could, in turn, be provided for a 
fixed period of time at the onset of each breath, or continuously. During those times 
5 in which the patient does not require supplemental oxygen and/or is not inhaling, the 
flow could be restricted to a low level or to zero followed by periods in which the 
flow is higher (when the patient is in need of supplement oxygen and is inhaling). 

Altemately, the blood oxygen content could be controlled by providing a 
dose of OT^gen on one or more sequential breaths and then delivering no oxygen on 

10 one or more subsequent breaths. In this method, the control parameter could be 
described as the number of breaths during which oxygen is or is not delivered. It 
should be understood that those skilled in the art could construct a control scheme 
which uses any of these alternate methods or a combination of these methods. 

The controller 10 also may include a minimum limit (Dmin) for the dose time. 

1 S If the dose time D(tft), as determined by Equation 2, is less than Dmin, a dose time of 
Dmin will be used instead. In one embodiment, Dmin will be zero. The dose time 
D(tn) determined by Equation 2 will, at times, be negative. This will primarily occur 
when the patient's blood oxygen content is greater than the desired value. Since a 
negative dose time is not physically meamngfiil, the controller will instead substitute 

20 a dose time of Dmin. Of course, Dmin could also be greater than zero. 

Similarly, in one embodiment the controller 10 would also have a maximum 
limit (Dmax). If the dose time D(tn), as determined by Equation 2, is greater than 
Dmax, a dose time of Dmax is used instead. In one embodiment, Dmax is equal to 
twice the default dose (described in detail below). This prevents the application of 

25 excessive amounts of oxygen and thus mimmizes the patient's risk of hypercapnia 
(carbon-dioxide retention). Those skilled in the art will appreciate that other values 
of Dmax could also be used. 

In another embodiment, the controller 10 could include an "anti wind-up" 
provision. Because the dose time may have minimum and maximum limits (Dmin 
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and Dmax, described above), it may be advantageous to include an anti wind-up 
provision to prevent the integral portion of the PID-calculated dose time from 
getting too large or too small. One way this could be implemented is as follows: If 
the previous PBD-calculated dose time D(Uri) (from Equations 2-7) is less than Dmin 
5 or greater than Dmax, the integral term from Equation 3 is deleted (i.e., Equation 3 
is replaced with Equation 3a, below): 

Ao = Kp*(l+td/tn) (3a) 

10 In systems and methods according to the present invention, the ability to 

respond to periods of invalid or bad data in the blood oxygen content measurements 
is preferably provided. In the preferred methods and systems, the delivery of oxygen 
moves from the closed loop control described herein to open loop control based on 
the criteria described herein (i.e., default values, interpolated data, etc.) and back to 

1 5 closed loop control when the blood oxygen measurements are again valid. Figure 4 
illustrates these concepts. As shown, the system obtains a measured blood oxygen 
content level 120. A decision is then made as to whether the measured blood oxygen 
content level data is valid or invalid 122. The system may determine whether the 
measured blood oxygen content level data is invalid on a point-by-point basis or it 

20 may determine whether the data stream (including a plurality of data points) is invaUd 
as discussed below. Regardless, a decision will be made as to whether the measured 
blood oxygen content level data is valid. If the measured blood oxygen content level 
data is invalid, the system will deliver a default amount of oxygen to the patient 124. 
If the measured blood oxygen content level data is valid, the system will deliver 

25 oxygen to the patient 126 accordmg to the appropriate control algorithm (ON/OFF, 
PED loop, etc.). 

In other words, the methods/systems according to the present invention will 
determine when the blood oxygen content data is invalid, deliver a default amount of 
o?grgen during periods of invalid data, and then resume delivery of supplemental 
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oxygen based on blood oxygen content when that data is again valid. The ability of 
the systems and methods of the present invention to move from closed to open and 
back to closed loop control provides a robust system that can operate with a 
minimum of supervision from medical personnel. Those qualities are essential in any 
5 system designed for residential or ambulatory use by sub-acute patients. 

The following description illustrates some preferred methods for 
accomplishing these features, but it should be understood that in its essence the 
present invention provides for that movement from closed loop control to open loop 
control and back to closed loop control based on the presence of valid or invalid 
10 blood oxygen content measurements. 

In one embodiment, before the measured blood oxygen saturation reading 
(Sp02) is used for determining the dose time D of oxygen to be delivered to the 
patient 16 from the oxygen source 20, various error handling and artifact detection 
procedures are followed to prevent erroneous over- or under-dosing of oxygen to 
15 the patient. In one embodiment of the present invention, the error flags provided by 
the oxygen sensor 14 in the serial data stream are combined with a numerical analysis 
of the Sp02 data to create an artifact detection and handling scheme. 

The serial data stream of the preferred pulse oximeter 14 provides one data 
point per second. Each data point includes three bytes of information, as follows: 



20 



25 



1st byte = Status 



Bit 4 



Bits 



Bit? 



Bit 2 



Bit 6 



Bits 



Always set to "1" 
Sensor disconnected, set if true 
out of track, set if true 
low perftision, set if true 
marginal perfusion, set if true 
bad pulse, set if true 



Bit 1 



heart rate bit 8 



BitO 



heart rate bit 7 
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2nd byte = Heart Rate (511= bad data) Bit "7" is always set to "0" 

Heart Rate Data = Bits 0 - 6 
Plus bits 0 & 1 of status byte to provide 9 bits 
of resolution 

5 

3rd byte = Sp02 (127 = bad data) 

The first byte of the data point may include error flags for some problems 
associated with pulse oximetry. These flags are examined for the occurrence of a 

10 disconnected sensor, low or marginal perfusion, out of track oximeter and bad pulse. 
If any of these flags are set, the accompanying Sp02 and heart rate data is considered 
bad. If the data point is determined to be bad, a timer (Timerl) is started by the 
controller 10 (unless it is already running based on an earlier bad data point) which 
then waits for the next data pomt. The function of Timerl is to track the cxmiulative 

15 time over which consecutive bad data pomts are being received. Timerl is stopped 
and reset to zero each time a valid or good data point is received. 

If, however, none of the flags is set, a second error check may be performed 
using a statistical analysis of the data. The new data point is compared to a mean 
value of previous data points which represents the patient's current blood oxygen 

20 content. The details of the calculation of this mean value are described below. The 
current data point is subtracted firom the mean value to generate a diflference, ASp02 
in %. (For the data-validity analysis below, if ASpOa is less than zero, its absolute 
value is used.) 

If the absolute value of ASp02 > 4% and Timerl equals zero (i.e., the last 
25 data point was valid), then the current data point is determined to be invalid. Since 
the time between data points in the serial data stream will be about one second, a 
change larger than 4 percent in the Sp02 in such a short time would be 
physiologically impossible. If the data point is determined to be invaUd using this 
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procedure, the data is ignored, Timer 1 is started and controller 10 waits for the next 
data point. 

If, however, the absolute value of ASp02 > 4% and Timerl does not equal 
zero, then additional evaluation may be performed. The observed rate of oxygen 
5 desaturation in humans can approach 20%/minute or about 3% every 10 seconds. If 
. Timerl is less than 10 seconds and the absolute value of ASp02 > 4%, then the data 
is considered to be invalid. If Timerl is greater than 10 seconds, but less than 20 
seconds then the acceptance criteria is absolute value of ASpOa less than 8% for the 
data to be valid. If Timerl is greater than 20 seconds, but less than 30 seconds then 

10 the acceptance criteria is absolute value of ASp02 less than 12%. If Timerl is 

- greater than 30 seconds, then oxygen is delivered using the default method which is 
described in detail below. It should, of course, be understood that, in the above 
analysis, the specific values of 4%, 8%, and 12%, and the specific times of 10, 20 
and 30 seconds could be replaced with different values. 

15 Some alternate criteria for identifying when individual data points are invalid 

or bad could include, but are not limited to, identifying an invalid data point when: 
(a) the Sp02 value is outside upper and/or lower Ihnits (e.g., a lower limit of about 
70% and/or an upper limit of about 98%); or (b) the heart rate is outside upper 
and/or lower limits (e.g., a lower limit of about 40 beats per minute and/or an upper 

20 limit of about 200 beats per minute). 

If the data point passes all the tests, Timerl is stopped and set to zero (if 
necessary) and the new mean value of blood oxygen content is calculated with the 
most recent data point. The new mean value is then compared to the setpoint and a 
dose time D is calculated as detailed above in Equations 2-5. 

25 In one embodiment, an exponentially-weighted arithmetic mean of the 

previous data points is used to represent the current blood oxygen content. The new 
mean is calculated as follows: 
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new mean = (current data point) * Wl + (previous mean) * W2 (6) 

where 

Wl = 1 - exp(-At/T) W2 = exp(-At/T). (7) 

5 Here At is the time between data points (one second using the preferred oximeter), 
and T is a parameter which represents an appropriate time scale for the averaging. If 
an appropriate value of T is chosen, the exponentially-weighted mean will smooth 
out normal point-to-point "noise" fluctuations in the pulse oximeter data without 
maskmg the real trends related to the patient's blood oxygen content. (A typical 

10 value would be T = 10 seconds, although other values could be used.) 

Other methods could also be used to determine a mean value that is 
representative of the patient* s current blood oxygen content. For example, a 
harmonic, or geometric mean might be used. (Descriptions of these types of means 
can be found in "Standard Mathematical Tables" by CRC Press, 24th edition, pages 

1 5 470-471 .) Alternately, a "running" mean might be used. In this method, the mean of 
a fixed, predetermined number of the most-recent data points could be used. For 
example, with the preferred pulse oximeter which delivers one data point per second, 
one could average the preceding 10 data points, thus calculating a mean which 
represents the patient's blood oxygen content for the previous 10 seconds. 

20 In one embodiment, the dose time D of oxygen that is delivered to the user 

may depend on the validity of the data stream from the oxygen sensor. If the time 
over which the consecutive invalid or bad data points are received, as indicated by 
Timer 1, exceeds a predetermined, physiologically-relevant time scale for patient 
desaturation (referred to as Desattime), alternative, "default" o^q^gen delivery 

25 procedures are employed. In one embodiment Desattime is equal to 30 seconds. 

The default assumption is that a patient is always in need of oxygen, imless the blood 
oxygen content sensor positively indicates that they are not. 
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If the current oxygen sensor data point is invalid, but Timer 1 is less than 
Desattime, the oxygen dose time D may remain unchanged from its current value. 
The system will provide a dose of this duration at the onset of inhalation. The 
process of gathering and evaluating blood oxygen saturation data then continues. 
5 Prior to the onset of invalid data, the system was either administering oxygen to 
correct a deficiency or the patient was in no need of oxygen. Thus, in this 
embodiment it is assumed that the patient's oxygen needs have not changed during 
this short time of invalid data and the status quo is maintained. If the patient was 
receiving no oxygen prior to the invalid data (e.g., dose time D=0), the system will 

10 not administer any oxygen. If, however, the patient was receiving oxygen (e.g., 
D>0), the system will typically continue to administer the same dose by responding 
to inhalation as described above. This will preferably continue until either a valid 
data point is received and a reevaiuation can be made of the patient's condition or 
Timerl exceeds Desattime. 

15 If the oxygen sensor data points continue to be invalid and Timerl exceeds 

Desattime, then the device will default to another oxygen delivery method. In the 
default method, the controller 10 will default to administering a prescription- 
equivalent dose of oxygen to the patient 16 from the oxygen source 20 via the 
demand delivery module 12. This default dose of oxygen could take many forms: In 

20 one embodiment, the default could be a continuous flow of oxygen. To implement 
this, the system could output a very large dose time to hold valve 26 in the ON 
position which allows oxygen to flow from source 20 to patient 16. Alternately, in 
the preferred embodiment, the default mode would provide a short dose of oxygen 
(of duration D=Ddefault) at the onset of inhalation for almost every breath. In this 

25 preferred embodiment, Ddefault would be shorter than a typical inhalation period, in 
which case the system would provide pulses of duration Ddefault synchronized with 
each inhalation (demand mode). This will continue imtil such time as the blood 
oxygen content data is valid and closed-loop control over oxygen delivery can start 
anew. 
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It is possible to envision additional alternate methods of default flow. In one 
such alternate embodiment, the valve does not necessarily open with each and every 
breath. It should be understood that these alternate methods of implementing a 
default flow still fall within the scope of the present invention. The object of the 
5 default method is to provide a total flow of oxygen during this period of default 
operation that is no less than the physiological equivalent amount that is prescribed 
to the patient by the physician. (Physiological equivalence meaning the amount 
dispensed by other demand delivery devices to provide adequate oxygen therapy.) It 
should be understood that the notion of physiological equivalence as regards demand 

10 delivery devices will change over time as their eflfects on the physiology of COPD 
patients is better understood by the medical community. Current practice indicates 
that 35 ml delivered every other breath at the beginning of inhalation is equivalent to 
a continuous flow of 2 liters/mmute of pure oxygen. 

In one embodiment of the invention, the duration of the default dose 

1 5 (Ddefault) may be set by the patients respiratory therapist using a hardware switch 
on the user interface 32 that is not accessible to the patient. Other techniques of 
setting the pulse width may be possible, such as a remote controllers, push buttons, 
etc. 

Also, in one embodiment, if Timer 1 exceeds Desattime, then the previous 
20 mean value of the blood oxygen saturation is reset and data acquisition starts anew. 
In this way, it is assumed that the old SpOi information is no longer valid for the 
patient's current physical state and that to properly administer oxygen a more current 
measure of the blood oxygen level is needed. Thus, by using Timer 1, a period of 
invalid data that exceeds Desattime will always lead to the administration of oxygen 
25 to the patient. This will correct any undetected desaturation events. Moreover, the 
controller 10 will always use the most current, valid information regarding the 
patient's blood oxygen level. 

It should also be understood that other methods for recognizing and handling 
erroneous data points from the oxygen sensor could be devised. Those skilled in the 
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art could create different algorithms for handling invalid data points, such as 
replacement of invalid data points with interpolated values based on the recent trend 
in the blood oxygen saturation. Alternative methods of identifying and rejecting 
invalid data points should be considered to be within the scope of the present method 
5 and system. 

Another method for determining whether the oxygen sensor data is valid or 
invalid can be based on the data stream (a plurahty of data points) rather than the 
individual data points. For example, instead of tracking the time since the most 
recent valid data point or points, the system could instead determine if the data 

10 stream is valid or invalid by comparing the number of valid data points in a "look- 
back" window (for example, the 60 to 100 most recent data points) to a preset 
minimum threshold. If the number of valid data points in the look-back period is 
greater than or equal to the specified minimum, the data stream is considered to be 
valid and the calculated dose is delivered; if the nimiber of valid data points is less 

15 than the minimimi, the default dose is delivered. 

Those skilled in the art will understand that a vnde range of possibilities for 
oxygen delivery in default mode beyond those that have been described here could be 
used. Although tHey are not described in detail herein, they should be considered as 
falling within the scope of the methods according to the present invention. 

20 If invalid data is a problem, the controller 10 may be used to notify the 

patient of a problem with the pulse oximetry via the user interface 32 and/or alarm 
38. This notification may take the form of a warning light, readout, buzzer or some 
combination of these. Those skilled in the art may also conceive of other methods of 
warning the user that are not detailed herein. After the warnings have been issued 

25 and default demand flow mode entered, the controller 10 resumes monitoring the 
output of the oxygen sensor for valid data. 

Along with monitoring the breathing cycle for oxygen delivery, the invention 
makes provision for the detection of apnea, the cessation of breathing for a 
prolonged period of time. Timer2 starts each time an inhalation is detected. If the 
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elapsed time between breaths is greater than a predetermined time, e.g., 15 seconds, 
as determined by Timer2, then the alarm circuit 38 is activated by the controller 10 to 
signal the patient of a possible apneic event. These alarms preferably stop sounding 
upon detection of the next inhalation. 
5 Other alarms and indicators that can be included in the systems and methods 

of the present invention include hypoxia alarms, high respiration rate alarms, 
high/low pulse rate alarms, and patient monitoring indicators. These alarms and/or 
indicators can be used to warn the patient that their supplemental oxygen equipment 
is not operating properly, they are not using it properly, or they are having other 

1 0 problems and need to seek medical treatment. 

In the case of an hypoxia alarm, the patient could be provided with a visible 
and/or audible alert when their blood oxygen saturation level has been below a 
healthy level for a period of time - even though they have been using the above- 
described device. This condition could be caused, e.g., by a malfunctioning of the 

1 5 supplemental oxygen equipment or a worsening of the patient's respiratory condition. 
In normal operation of the preferred embodiment as described above, the device 
would increase the dose time D(t) in response to the patient's hypoxia, up to a preset 
upper-limit dose time Dmax. It is possible that the patient's condition could have 
worsened so much so that even this maximum dose is not sufl&cient to keep their 

20 blood oxygen saturation at a healthy level. It would be advantageous to alert the 
patient to this condition so they may seek appropriate medical attention. This could 
enable earlier detection and treatment of potentially dangerous and costly health 
conditions. 

The hypoxia alarm could be unplemented in software, hardware, or in a 
25 combination of software and hardware. In the methods described above, the 

controller 10 may already calculate a mean value of blood oxygen content from the 
valid blood oxygen saturation data points. In the preferred embodiment, the mean 
value that is already calculated is an exponentially-weighted arithmetic mean with a 
typical time constant T=l 0 seconds. This mean represents the average blood oxygen 
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saturation for the previous 10 seconds. For the hypoxia alarm, a second mean value 
of blood oxygen saturation, for a longer period (e.g.. T=l hour) could be calculated 
in an analogous manner. In the preferred embodiment, this hypoxia alarm mean 
would also be an exponentially-weighted mean because it eliminates the need to store 
5 each of the many data pomts that would be collected over the longer period, thereby 
decreasing the memory requirements. 

It should be understood, however, that other methods of calculating a mean 
as discussed above could also be used. When the second mean falls below a preset 
limit representing the lower limit for healthy blood oxygen levels (e.g., 88%), 

10 controller 10 could alert the patient via alarm circuit 38. In the preferred 

embodiment, the time period for the second mean is 1 hour, and the lower limit for 
blood oxygen saturation is 88%; however, it should be clear that other values could 
be used for these parameters. 

In the case of a high respiration rate alarm, the patient could be provided 

15 with a visible and/or audible alert when their respiration rate has been above a 
healthy level for a period of time. Some patients with respiratory diseases will 
compensate for an impaired respiratory system by maintaining a higher than normal 
breathing rate. These patients can sometunes maintain a healthy blood oxygen 
saturation, but over the long term, the increased respiration rate is also detrimental to 

20 their health. The onset of a period of increased respiration rate could be caused by a 
malfunctioning of the supplemental oxygen equipment or a worsening of the patient's 
respiratory condition. 

In normal operation of the preferred embodiment as described above, the 
device increases the dose time D(t) in response to the patients hypoxia. It is possible 

25 that the patient's condition could have worsened, but the patient is compensating by 
breathing at a higher rate. As with hypoxia, it would be advantageous to alert the 
patient to this condition so they may seek appropriate medical attention. 

This alarm could be implemented in software, hardware, or in a combination 
of software and hardware. The system described above already measures the elapsed 
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time between each breath via Timer2. For the high-respiration rate alarm, a mean 
value of the elapsed time between each breath could be calculated in a manner 
analogous to the mean blood oxygen levels. In the preferred embodiment, this mean 
would also be an exponentially-weighted mean. It should be understood, however, 
5 that other methods of calculating a mean as described above could also be used. 

When the mean elapsed time between breaths falls below a preset limit corresponding 
to the upper limit for healthy respiration rates (e.g., minimum elapsed time of two 
seconds, corresponding to a breathing rate of 30 breaths per minute), the system 
could alert the patient via controller 10 and alarm circuit 38. In the preferred 

10 embodiment, the time period for calculating the mean is 1 hour, and the lower limit 
for elapsed time between breaths is 2 seconds (30 breaths per minute); however, it 
should be clear that other values could be used for these parameters. 

In the case of a high/low pulse rate alarm, a visible and/or audible alert could 
be provided to the patient when their pulse rate has been above or below healthy 

1 5 levels for a period of time. Excessively high or low pulse rates could be an important 
indication that the patient needs medical treatment. It would be advantageous to 
alert the patient to these conditions so they may seek appropriate medical attention. 

In the preferred embodiment, these alarms would be hnplemented in 
software, hardware, or in a combination of software and hardware. The preferred 

20 oxygen sensor typically provides pulse rate data (in addition to blood oxygen data). 
A mean pxilse rate could be calculated in a manner analogous to the calculation of 
other means, described above. As with the other alarms, in the preferred 
embodiment, this mean would also be an exponentially-weighted mean or, 
alternatively, other means or averages could be used. 

25 When the mean pulse rate falls above or below preset limits (e.g., less than 40 

or above 180 beats per minute), the system could alert the patient via alarm circuit 
38. In the preferred embodiment, the time period for the mean is 20 minutes, the 
lower limit for pulse rate is 40 beats per mmute, and the upper limit for pulse rate is 
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180 beats per minute; however, it should be clear that other values could be used for 
these parameters. 

Among the indicators that could be provided include various patient and 
equipment monitoring functions. In the preferred embodiment, these indicators 
5 could be implemented in software, hardware, or in a combination of software and 
hardware. The information provided by these indicators could be useftil to the 
patients, respiratory therapists, physicians, etc. Some examples of indicators are 
described below. 

One indicator that could be useftil is an "ON-time" indicator. An important 

10 factor in treating patients that require supplemental oxygen is monitoring their 

compliance with then* o?qrgen prescription. Some patients will not use their oxygen 
equipment as much as they should. Medical studies have shown that most patients 
must use their supplemental oxygen equipment at least 1 8 hours per day in order to 
receive significant benefits from it. The ON-time parameter would indicate the total 

15 amount of time that the device has been powered ON (analogous to the "hour meter" 
foimd on most oxygen concentrators), thus giving an indication of the total time the 
equipment was used since the ON-time parameter was last reset to zero. In the 
preferred embodunent, a timer would be started by controller 10 each time the imit 
was turned ON. When timer reached a value of, e.g., one minute, controller 10 

20 would increment a non-volatile memory location and reset and restart the timer. In 
this manner, a memory location associated with the ON-time timer would count the 
number of minutes the apparatus had been powered ON. The memory location 
associated with the ON-tune timer would preferably be non-volatile and, as a result, 
the total mmute count would be retained while the imit was powered OFF. When 

25 powered ON again, counting would resume from the previously accumulated value. 
In the preferred embodiment, the ON-time timer could be accessed and reset via the 
user interface 32. 

It may also be useftil to track the total nxmiber of times each alarm condition 
has occurred. In the preferred embodiment, a separate non-volatile memory location 
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would be used to count the number of times each alarm condition had occurred. 
Each time an alarm condition occurred, the associated memory location would be 
incremented. In addition to the three alarms described above, the preferred 
embodiment could also count the number of apnea alarms. The various alarm-count 
5 parameters could be accessed and reset, e.g., via the user interface 32. 

It may also be useful to keep track of the total amount of time the unit was in 
"default" mode as described above. In a manner similar to tracking ON-time, the 
default time monitor would preferably consist of a non-volatile memory location that 
would be incremented each time the timer reached one minute and the unit was in the 

10 default mode. In a similar manner, a feedback-control-time parameter could be 
calculated (although this parameter may be more easily obtained by subtracting the 
default time from the ON-time). As with the other monitored parameters, defauh 
time would preferably be accessed and reset via the user interface 32. 

It may also be useful to keep track of the total number of times the apparatus 

15 entered the "default" mode. In the preferred embodiment, a separate non-volatile 
memory location would be used to count the number of times the default delivery 
condition had occurred. Each time the apparatus entered the default delivery mode, 
the associated memory location would be incremented. The default count parameter 
would preferably be accessed and reset via the user interface 32. 

20 It may also be useful to keep track of the total amoxmt of time the patient was 

hypoxic (e.g., Sp02 <88%). In a manner similar to tracking the ON-time, the 
hypoxic-time monitor would consist of a non-volatile memory location that would be 
incremented each time the timer reached one minute and the patient was hypoxic 
(and the Sp02 data was deemed valid). As with the other monitored parameters, 

25 hypoxic-time could be accessed and reset via the user interface 32. 

It may also be useful to keep track of the average duration of the pulses of 
05grgen that are provided at each inhalation (i.e., the average dose time). The 
average-dose-time parameter could provide a useful indication of the amount of 
supplemental oxygen that was required to keep the patient's blood properly 
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oxygenated. Trends in this parameter could be useful for tracking the overall 
efficiency of the patient's respiratory condition. For example, a measurable increase 
in the average-dose-time (i.e., an increase in the amount of supplemental oxygen 
needed) could indicated a worsening of the patient's condition, and thus provide an 
5 early warning allowing the patient to seek medical attention before their condition 
required a costly hospitalization. 

In the preferred embodiment, two nonvolatile memory locations would be 
used to calculate average-dose-tune: a counter and an accumulator. Each time, e.g., 
an inhalation was sensed, the current dose time (as indicated by controller 10) would 

10 be added to accumulator and the counter would be incremented. The average-dose- 
time could then be calculated by dividing the accumulator value by the counter value. 
As with the other monitored parameters, average-dose-time could be accessed and 
reset via the user interface 32. 

In addition to those parameters specifically recited herein, other useful 

15 parameters may also be generated. For example, average Sp02 (the patient's average 
blood oxygen saturation); average respiration rate; average heart rate; etc. 
Monitoring of these parameters could also be implemented in software, hardware, or 
in a combination of software and hardware. 

Various methods and systems for conserving supplemental OTqrgen delivery to 

20 a sub-acute patient based on continuous blood oxygen content measurements and 
inhalation have been described above. Many changes, alterations and variations of 
the subject invention will become apparent to those skilled in the art after 
consideration of this specification and the accompanying figures and diagrams of the 
preferred embodiments. For example, the values chosen for, e.g., ASpOa, Timer 1, 

25 Timer2, etc., are intended to be exemplary of some preferred values and should not 
limit the scope of the invention unless the values are explicitly recited in the claims. 
All such changes, modifications, variations, etc. are deemed to be covered by the 
claims which follow. 
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What is claimed is: 

1 . A method of controlling supplemental oxygen delivery during sub-acute care 
comprising: 

continuously measuring blood oxygen content of a patient to obtain a 
measured blood oxygen content level; 

delivering supplemental oxygen from an oxygen source to the patient when 
the patient is inhaling if the measured blood oxygen content level is below a desired 
value; and 

restricting the delivery of supplemental oxygen if the measured blood oxygen 
content level of the patient is above the desired value. 

2. A method according to claim 1, wherein the supplemental oxygen is delivered 
through a supplemental oxygen delivery device. 

3 . A method accordmg to claim 2, wherein the supplemental oxygen delivery 
device comprises a nasal cannula. 

4. A method according to claim I, wherein restricting the delivery of 
supplemental oxygen comprises preventing the delivery of supplemental oxygen. 

5. A method according to claim 1, further comprising sensing variations in 
respiration of the patient to determine when the patient is inhaling. 

6. A method according to claim 5, wherein the sensing comprises sensing when 
the patient is inhaling. 

7. A method accordmg to claim 5, wherein the sensing is performed using a 
flow sensor. 
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8. A method according to claim 7, wherein the flow sensor comprises a 
bidirectional flow sensor. 

9. A method according to claim 1, wherein the method is performed in a 
residential setting. 

10. A method according to claim 1, wherein the desired value for the measured 
blood oxygen content level is about 90%. 

11. A method according to claim 1, wherein the measured blood oxygen content 
level is obtained using a pulse oximeter. 

12. A method according to claim 1, fiirther comprising: 

determining if the measured blood oxygen content level is invalid; and 
delivering a default amount of supplemental oxygen to the patient when the 
measured blood oxygen content level is invalid, 

13 . A method of controlling supplemental oxygen delivery for sub-acute care 
comprising: 

continuously measuring blood oxygen content of a patient to obtain a 
measured blood oxygen content level; 

sensing variations in respiration of the patient to determine when the patient 
is inhaling; 

delivering supplemental oxygen fi"om an oxygeii source to the patient through 
a supplemental oxygen delivery device when the patient is inhahng if the measured 
blood oxygen content level is below a desired value; and 

restricting the delivery of supplemental oxygen to the patient through the 
supplemental oxygen delivery device if the measured blood oxygen content level of 
the patient is above the desired value. 
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14. A method according to claim 13, wherein the measured blood oxygen content 
level is obtained using a pulse oximeter and further wherein the method comprises: 

determining if the blood oxygen content measured by the pulse oximeter is 

invalid; 

delivering a default amoxmt of supplemental oxygen to the patient when the 
measured blood oxygen content level is invalid. 

15. A method of controlling supplemental oxygen delivery for sub-acute care 
comprising: 

continuously measuring blood oxygen content of a patient to obtain a 
measured blood oxygen content level; 

delivering a variable dose of supplemental oxygen from an oxygen source to 
the patient when the patient is inhaling, wherein the variable dose is at least partially 
detennined based on the measured blood oxygen content level 

16. A method according to claim 15, wherein the variable dose of supplemental 
OTQTgen is at least partially based on a diflFerence between the desired value for the 
measured blood oxygen content and the measured blood oxygen content. 

17. A method according to claim 16, wherein the variable dose of supplemental 
oxygen is at least partially based on a trend m measured blood o^gen content as 
measured at different times. 

18. A method according to claim 1 5, wherein the variable dose includes a zero 
dose. 

19. A method according to claim 15, wherein the supplemental oxygen is 
delivered through a supplemental oxygen delivery device. 
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20. A method according to claim 1 9, wherein the supplemental oxygen delivery 
device comprises a nasal cannula. 

21. A method according to claim 1 5, further comprising sensing variations in 
respiration of the patient to determine when the patient is inhaling. 

22. A method according to claim 21, wherein the sensing comprises sensing when 
the patient is inhaling. 

23 . A method according to claun 2 1 , wherein the sensing is performed using a 
flow sensor. 

24. A method according to claim 23, wherein the flow sensor comprises a 
bidirectional flow sensor. 

25. A method according to claim 15, wherein the method is performed in a 
residential setting. 

26. A method according to claim 1 5, wherein the desired value for the measured 
blood oxygen content level is about 90%. 

27. A method according to claim 1 5, wherein the measured blood oxygen content 
level is obtained using a pulse oximeter. 

28. A method according to claim 15, further comprising: 
determining if the measured blood o^q^gen content level is invalid; 
deUvering a default amount of supplemental oxygen to the patient when the 

measured blood oxygen content level is invalid. 
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29. A method of controlling supplemental oxygen delivery for sub-acute care 
comprising: 

continuously measuring blood oxygen content of a patient to obtain a 
measured blood oxygen content level; 

sensing variations in respiration of the patient to determine when the patient 
is inhaling; 

delivering a variable dose of supplemental oxygen from an oxygen source to 
the patient through a supplemental oxygen delivery device when the patient is 
inhaling, wherein the variable dose of supplemental oxygen is at least partially based 
on a diflference between the desired value for the measured blood oxygen content 
level and the measured blood oxygen content level. 

30. A method according to claim 29, wherein the variable dose of supplemental 
oxygen is at least partially based on a trend in measured blood oxygen content level 
as measured at different times. 

31. A method according to claim 29, wherein the variable dose includes a zero 
dose. 

32. A method according to clahn 29, wherein the measured blood oxygen content 
level is obtained using a pulse oximeter and further wherein the method comprises: 

determining if the blood oxygen content level obtained by the pulse oximeter 
is invalid; 

delivering a default amount of supplemental oxygen to the patient when the 
measured blood oxygen content level is invalid. 

33 . A method of sensing variations in respiration of a patient comprising: 
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providing a flow sensor in fluid communication Avith the respiratory flow of a 

patient; 

monitoring the flow sensor to determine when the patient is mspiring air; and 
monitoring the flow sensor to determine when the patient is e>q)iring air. 

34. A method according to claim 33, wherein the flow sensor comprises a bi- 
directional flow sensor. 

35. A method according to claim 33, wherein the flow sensor is monitored to 
determine when the patient is inspiring air only after the patient has expired air. 

36. A demand delivery method for controlling the delivery of oxygen to a patient 
comprising: 

providing a flow sensor in fluid commxmication with the respiratory flow of a 

patient; 

monitoring the flow sensor to determine when the patient is inhaling; 
delivering oxygen to the patient when the patient is inhaling; 
monitoring the flow sensor to determine when the patient is exhaling; 
restricting delivery of oxygen to the patient when the patient is exhaling, 

37. A system for delivering supplemental oxygen for sub-acute care, the system 
comprising: 

a blood oxygen content level sensor; 
a source of supplemental osygen; 

a valve in fluid communication with the source of supplemental oxygen; and 
a controller capable of operating the valve, the controller restricting flow 

through the valve when the blood oxygen content level measured by the blood 

oxygen content level sensor is above a desired value. 
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38. A system according to claim 37, further comprising a supplemental oxygen 
delivery device attached to a patient, the supplemental oxygen delivery device in fluid 
communication with the valve. 

39. A system according to claim 38, wherein the supplemental oxj^gen delivery 
device comprises a nasal cannula. 

40. A system according to claim 37, further comprising a respiration sensor, the 
respiration sensor operatively connected to the controller. 

41. A system according to claim 40, wherein the respiration sensor comprises a 
flow sensor. 

42. A system according to claim 41, wherein the flow sensor comprises a 
bidirectional flow sensor. 

43. A system according to claim 37, wherein the blood oxygen content level 
sensor comprises a continuous blood o^gen content level sensor. 

44. A system according to claim 37, wherem the blood oxygen content level 
sensor comprises a pulse oximeter. 

45. A system for controlling supplemental oxygen deUvery comprising: 
means for measuring blood oxygen content level of a patient; 

means for delivering supplemental oxygen from an oxygen source to the 
patient when the patient is inhaling if the measured blood oxygen content level is 
below a desired level; and 
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means for restricting the delivery of supplemental oxygen from the oxygen 
source to the patient if the measured blood oxygen content of the patient is above a 
desired level. 

46. A system according to claim 45, wherein the means for restricting the 
delivery of supplemental oxygen comprises means for preventing the delivery of 
supplemental oxygen. 

47. A system according to claim 45, further comprising means for determinmg 
when the patient is inhaling. 

48. A system according to claim 47, wherein the means for determining when the 
patient is inhaling comprises means for sensing variations in respiration of the patient. 

49. A system according to claim 47, wherein the means for determming when the 
patient is inhaling comprises means for sensing the direction of respiratory airflow of 
the patient. 

50. A system according to claim 45, wherein the means for measuring blood 
oxygen content level comprises means for continuously measuring blood oxygen 
content level. 

51. A system according to claim 45, further comprising: 

means for determining if the measured blood oxygen content is invalid; 
means for delivering a default amount of supplemental oxygen to the patient 
when the measured blood oxygen content is invalid. 

52. A system for controlling supplemental oxygen delivery comprising: 
means for measuring blood oxygen content level of a patient; and 
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means for delivering a variable dose of supplemental oxygen from an oxygen 
source to the patient when the patient is inhaling, wherein the variable dose is at least 
partially determined based on the measured blood oxygen content. 

53 . A system according to claim 52, wherein the means for delivering a variable 
dose of supplemental oxygen comprises a means for determining the variable dose at 
least partially based on a difference between the desired value for the measured blood 
oxygen content level and the measured blood o^gen content level 

54. A system according to claim 52, wherein the means for delivering a variable 
dose of supplemental oxygen comprises a means for determining the variable dose at 
least partially based on a trend in measured blood oxygen content level as measured 
at different times. 

55. A system according to claim 52, further comprising means for determining 
when the patient is inhaling. 

56. A system according to claim 55, wherein the means for determining when the 
patient is inhaling comprises means for sensing variations in respiration of the patient. 

57. A system according to claim 55, wherein the means for determining when the 
patient is inhaling comprises means for sensmg the direction of respiratory airflow of 
the patient. 

58. A system according to claim 52, wherein the means for measuring blood 
oxygen content level comprises means for continuously measuring blood oxygen 
content level. 
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59. A system according to claim 52, further comprising: 

means for determining if the measured blood oxygen content is invalid; 
means for delivering a default amount of supplemental oxygen to the patient 

when the measured blood oxygen content is invalid. 
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Method of sensing variations In respiration of a patient. 
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System for controlling supplemental oxygen delivery. 
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* — • searchable claims. 
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[X I protest accompanied the payment of additional search fees. 
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3. A rejection based on double patenting of the "same invention" type finds its 
support in the language of 35 U.S.C. 101 which states that "whoever, invents or 
discovers any new and useful process ... may obtain a patent therefoi- ..." (Emphasis 
added). Thus, the term "same invention," in this context, means an Invention drawn to 
identical subject matter. See Miller v. Eagle Mfg. Co., 151 U.S. 186 (1894); In re 
Ockert, 245 F.2d 467, 1 14 USPQ 330 (CCPA 1957); and In re Vogel. 422 F.2d 438, 164 
USPQ 619 (CCPA 1970). 

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by 
canceling or amending the conflicting claims so they are no longer coextensive in 
scope. The filing of a terminal disclaimer cannot overcome a double patenting rejection 
based upon 35 U.S.C. 101. 

4. Claims 1-4. 6, 14, 20-45, 50, 52-62, 65-72, 74, and 81-104 are provisionally 
rejected under 35 U.S.C. 101 as claiming the same invention as that of claims 1-40 and 
80-100 of copending Application No. 10/643154 (US Patent Application Publication 
2005/0043772). This is a provisional double patenting rejection since the conflicting 
claims have not in fact been patented. 



Claim Rejections - 35 USC § 102 
5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication' in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
states. 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 
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( jUS A I J DETAILED ACTION 
Election/Restrictions 

1 , Claims 5, 7-1 3, 1 5-1 9, 46-49, 51 , 63, 64, 73, and 75-80 are withdrawn from 



further consideration pursuant to 37 CFR 1.142(b), as being drawn to a nonelected 
species, there being no allowable generic or linking claim. Applicant timely traversed the 
restriction (election) requirement In the reply filed on 1 1 May 2007. 
2. Applicant's election with traverse of claims 1-4, 6, 14, 20-45, 50, 52-62, 65-72, 
74, and 81-104 in the reply filed on 1 1 May 2007 is acknowledged. The traversal is on 
the ground(s) that the designated species are not distinct, and that there is no burden 
on the examiner. This is not found persuasive because Applicant's arguments and 
examples of species overlap differ from the examiner's delineation of which claims are 
generic and which belong to various species. Specifically, Applicant uses "patient 
histor/' as a criteria overlapping several species as a reason they cannot be different 
species. Examiner designated claims directed to patient history as generic (for example, 
claim 80), and Applicant omitted such claims from their listing of what they believe to be 
generic. The arguments are therefore spurious. Applicant also has indicated that 
examination of all claims would not be impose a serious burden - Examiner disagrees, 
since examination of 104 claims directed to 13 different species would impose a very 
serious burden. 

The requirement is still deemed proper and is therefore made FINAL. 



Double Patenting 
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comparison, wherein the comparing and predicting are performed implantably 
(paragraphs [00161, 10033]-[00351, [0038]). 

Regarding claim 52, Mazar discloses the detected condition comprising a first 
type of disordered breathing, and the prediction being that of a second type of 
disordered breathing (paragraph [0008]). 

Regarding claims 56-60 and 66, Mazar discloses an automated method for 
predicting disordered breathing comprising detecting a precursor respiratory condition 
associated with an impending onset of disordered breathing, comparing the condition to 
a set of prediction criteria associated with disordered breathing, and predicting the 
disordered breathing based on the comparison, where the comparing and predicting are 
performed at least in part implantably (paragraphs [0016], [0033]-[0035]. [0038]). 

Regarding claims 68, 69, 72, and 74, Mazar discloses a device comprising a 
detector system configured to detect conditions associated with disordered breathing 
and comprising an implantable sensor; and a predictfon engine coupled to the detector 
system and configured to compare the detected conditions to one or more sets of 
prediction criteria and predict the disordered breathing based on the comparison, 
wllerein the prediction engine includes an implantable component (paragraphs [0016], 
[0033]-[0035], [0038]). 

Regarding claims 71, 81, 82, 90, and 95-97, Mazar further discloses a patient 
input device, a networl<-accessible component, and a winelessly connected component 
(paragraph [0044]), as well as a data storage unit (element 701 ; paragraph [0043]) and 
a display unit (paragraphs [0082]-(0083], [0088]). 



1 
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6. Claims 1-4, 6, 14. 25, 35, 38-45. 49, 68, 69, 71 . 72, 74. 81 . 82. 90. 95, 97 are 
rejected under 35 U.S.C. 102(e) as being anticipated by Mazar (US Patent Application 
Publication 2004/0133079). 

Regarding claims 1-4, 6, 14, 25, 35, and 38 Mazar discloses a method for 
predicting disordered breathing comprising detecting a physiological (respiratory quality) 
condition associated with disordered breathing, comparing the condition to one or more 
sets of disordered breathing prediction criteria, predicting the disordered breathing 
based on the comparison, and collecting data on the predictions and conditions, where 
the comparing and predicting are performed at least implantably (paragraphs [0016], 
[0033]-(0035], [0038]). 

Regarding claims 33 and 34, since Mazar discloses prediction of a disordered 
breathing episode, Mazar discloses that "disordered breathing will occur during a 
particular time interval" and in "real-time". 

Regarding claims 39 and 40, Mazar further discloses collecting data on the 
predictions, transmitting it to a separate device, and displaying it (paragraphs [0043]- 
[0044J). 

Regarding claims 41-45. 49, and 53 Mazar discloses a method for predicting 
disordered breathing comprising detecting physiological or respiratory condition 
predisposing a patient to disordered breathing, comparing the one or more predisposing 
conditions to one or more sets of prediction criteria associated with disordered 
breathing, and predicting the disordered breathing in real time based on the 
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7. Claims 1-4, 6, 14, 20-22, 26^ 28, 35, 38, 41-45, and 49 are rejected under 35 
U.S.C. 102(b) as being anticipated by Scheiner (US Patent 6415183). 

Regarding claims 1-4, 6, 14, 35, and 38 Scheiner discloses a method for 
predicting disordered breathing comprising detecting a physiological (respiratory quality) 
condition associated with disordered breathing, comparing the condition to one or more 
sets of disordered breathing prediction criteria, predicting the disordered breathing 
based on the comparison, and collecting data on the predictions and conditions, where 
the comparing and predicting are performed at least implantably (column 5, lines 31-39 
and 44-62; column 6, lines 8-13, 53-54, and 57-65). 

Regarding claims 20 and 21, Scheiner further discloses the prediction criteria 
comprising a threshold and comparing the sensed criteria to the threshold (column 7, 
lines 21-27; column 8, lines 8-32). 

Regarding claim 22, Scheiner further discloses comparing a relationship between 
two prediction criteria to a relationship criterion that corresponds to an onset of 
disordered breathing (figure 5). 

Regarding claims 26 and 28, Scheiner further discloses establishing and 
adjusting a particular set of prediction criteria based on the conditions (column 8, lines 
19-32). 

Regarding claims 41-45, and 49 Scheiner discloses a method for predicting 
disordered breathing comprising detecting physiological or respiratory condition 
predisposing a patient to disordered breathing, comparing the one or more predisposing 
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Regarding claim 98, Mazar discloses a system comprising means for detecting 
one or more conditions associated with a patient's disordered breathing, means for 
comparing the one or more conditions to one or more sets of disordered breathing 
prediction criteria, and means for predicting the disordered breathing, wherein at least 
one of the means for comparing and the means for predicting include an implantable 
component (paragraphs [0016], 0033]-[0035], [0038]). 

Regarding claim 101, Mazar discloses an automated system comprising means 
for detecting one or more conditions predisposing a patient to disordered breathing, 
means for comparing the one or more predisposing conditions to one or more sets of 
disordered breathing prediction criteria, and means for predicting the disordered 
breathing based on the comparison, wherein at least one of the means for comparing 
and the means for predicting includes an implantable component (paragraphs [0016], 
[0033]-[0035], [0038]). 

Regarding claim 1 02, Mazar discloses a system for predicting disordered 
breathing comprising means for detecting one or more precursor conditions associated 
with disordered breathing, means for comparing* the precursor conditions to one or more 
sets of disordered breathing prediction criteria, and means for predicting the disordered 
breathing based on the comparison, wherein at least one of the means for predicting 
and/or comparing includes an implantable component (paragraphs [0016], [0031]- 
[0035], [0038]). 

Regarding claims 103 and 104, Mazar further discloses detecting both a 
respiratory condition and an additional physiological condition (paragraph [0016]). 
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conditions to one or more sets of prediction criteria associated with disordered 
breathing, and predicting the disordered breathing based on the comparison, wherein 
the comparing and predicting are performed implantably (column 5, lines 31-39 and 44- 
62; column 6, lines 8-13. 53-54, and 57-65). 

8. Claims 1 , 23, 24, 26-30, 68, 70, 83, 84, 87, and 98-1 00 are rejected under 35 
U.S.C. 102(e) as being anticipated by Mazar'161 (US Patent Application Publication 
2004/0128161). 

Regarding claim 1, Mazar'161 discloses a method for predicting disordered 
breathing comprising detecting a condition associated with disordered breathing, 
comparing the condition to a set of disordered breathing prediction criteria, and 
predicting the disordered breathing based on the comparison, where at least one of the 
predicting and comparing is performed implantably (paragraphs [0027H0031], [0061], 
t0066J-I0067]). 

Regarding claims 23 and 24, Mazar'161 further discloses comparing the 
condition to the criteria by computing an estimated probability that disordered breathing 
will occur based on the condition by computing a composite estimated probability score, . 
and comparing the estimated probability to a threshold probability associated with an 
onset of disordered breathing (paragraphs [0076]-[0079]). 

Regarding claims 26-30, Mazar'161 further discloses implantably establishing 
and adjusting a particular set of prediction criteria based on the condition (paragraphs 
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I00761-[0078]). Though Mazar'161 does not explicitly disclose deleting a set of criteria, 
the evolution of criteria naturally results in discarding previous sets of criteria. 

Regarding claims 68, 70, and 87, Mazar'161 discloses an automated device 
comprising a detector system having a patient-external sensor configured to detect 
conditions associated with disordered breathing and a prediction engine coupled to the 
detector system and configured to compare the detected conditions to one or more sets 
of prediction criteria and predict the disordered breathing in real time based on the 
comparison, where the prediction engine includes an implantable component 
(paragraphs I0027]-[0031], [0034], [0061], [0066]-I0067]). 

Regarding claims 83, 84, Mazar further discloses that the prediction engine is 
configured to establish the prediction criteria based on the detected conditions, and that 
it may adjust the set of criteria based on the detected conditions (paragraphs [0076]- 
[0078]). 

Regarding claims 98-100, Mazar discloses a system comprising means for 
detecting one or more conditions associated with a patient's disordered breathing, 
means for comparing the condition(s) to one or more sets of disordered breathing 
prediction criteria, means for predicting the disordered breathing, wherein at least one of 
the means for comparing and/or predicting include an implantable component, and 
means for establishing and adjusting a particular set of prediction criteria (paragraphs 
[0027J-[0031 ], [0034], [0061 ], (0066J-[0067]. [0076]-[0078J). 
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Claim Rejections - 35 USC § 103 

9. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that tiie subject matter as a whole would have been obvious at the time tfie 
invention vras made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention vtms made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

10. Claim 61 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mazar in 
view of Nappholz (US Patent 4702253). 

Mazar discloses all the elements of the claimed invention, as described above, 
except for monitoring a respiratory tidal volume pattern; Mazer's method of monitoring a 
patient's respiration is performed using thoracic impedance. Nappholz teaches a 
method of monitoring a patient's tidal volumes using thoracic impedance (column 2, 
lines 26-53), in order to accurately monitor the patient. It would have been obvious to 
one of ordinary skill in the art at the time the invention was made to have followed 
Mazar and used the thoracic impedance measurements to monitor the patient's tidal 
volumes, as taught by Nappholz. in order to accurately monitor the patient. 
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1 1 . Claims 61 and 62 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Mazar in view of Park (US 6741885). 

Mazar discloses all the elements of the claimed inventions, as described above, 
except for the monitored condition being tidal volume patterns, such as hyperventilation; 
Mazar also discloses that the monitoring may be performed via thoracic impedance 
(paragraph [0038]). Park teaches a patient monitoring method comprising using thoracic 
impedance to monitor a patient's respiratory characteristics, such as tidal volume and 
hyperventilation (column 8, line 63 to column 9 line 7; column 14 line 61 to column 15 
line 12), in order to accurately monitor the patient's condition. It would have t>een 
obvious to one of ordinary skill in the art at the time the invention was made to have 
followed Mazar and monitored the patient's tidal volume or hyperventilation, as taught 
by Park, in order to accurately monitor the patient's condition. 

Allowable Subject Matter 

12. Claims 31 , 32, 36, 37. 50, 54, 55, 65, 67, 85, 86. 88. 89, and 91-94 are objected 
to as being dependent upon a rejected base daim, but would be allowable if rewritten in 
independent form including all of the limitations of the base claim and any inten^ening 
claims. 

The prior art of record fails to anticipate or make obvious the inventions of claims 
31 and 85, including, inter-alia, predicting disordered breathing by detecting a condition 
and comparing the condition to criteria, where the prediction criteria may be adjusted 
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based on the detected cx)ndition by calculating an estimated accuracy for the particular 
set of prediction criteria, and adjusting the set based on the estimated accuracy. 

The prior art of record fails to anticipate or make obvious the inventions of claims 
32 and 88, including, inter-alia, predicting disordered breathing by detecting a condition 
and comparing the condition to criteria, where the prediction criteria may be adjusted 
based on the detected condition by calculating an estimated sensitivity for the particular 
set of prediction criteria, and adjusting the set based on the estimated sensitivity. 

The prior art of record fails to anticipate or make obvious the inventions of claims 

36 and 91-93, including, inter-alia, predicting disordered breathing by detecting a 
condition and comparing the condition to criteria, and also collecting data associated 
with the predictions comprising counting the disordered breathing predictions. 

The prior art of record fails to anticipate or make obvious the inventions of claims 

37 and 94, including, inter-alia, predicting disordered breathing by detecting a condition 
and comparing the condition to criteria, and also collecting data associated with the 
accuracy of predictions. 

The prior art of record fails to anticipate or make obvious the method of claim 50, . 
including, inter-alia, predicting disordered breathing by detecting a patient's snoring, 
comparing the snoring to a set of prediction criteria associated with disordered 
breathing, and predicting the occurence of disordered breathing, where the comparing 
and/or predicting are done at least in part implantably. 

The prior art of record fails to anticipate or make obvious the inventions of claims 
54 and 88, including, inter-alia, predicting disordered breathing by detecting a condition 
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and comparing the condition to criteria, where the predicted occurrence will take place 
within 8 hours of the prediction. 

The prior art of record fails to anticipate or make obvious the inventions of claims 
55 and 89, including, inter-alia, predicting disordered breathing by detecting a condition 
and comparing the condition to.criteria, where the predicted occurrence will take place 
the next time the patient is asleep. 

The prior art of record fails to anticipate or make obvious the method of claim 65, 
Including, inter-alia, predicting disordered breathing by detecting a condition and 
comparing the condition to criteria, where the condition is the detection of the periodicity 
of occurrences of the disordered breathing. 

The prior art of record fails to anticipate or make obvious the method of claim 67, 
including, inter-alia, predicting disordered breathing by detecting a condition and 
comparing the condition to criteria, where the predicted occun-ence will take place within 
5 minutes of the prediction. 

Conclusion 

1 3. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

US Patent 4365636 to Barker, which discloses similar a similar Invention. 

US Patent Application Publications 2004/0122488 and 2004/01 16981 to Mazar, 
which disclose similar inventions. 

US Patent 6580944 to Katz, which discloses a similar invention. 
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